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PREFACE 


This book is written for the enlisted men of Naval Avia- 
tion. It is one of a series of books designed to give them the 
necessary information to perform their aviation duties. 

A knowledge of aircraft fuel systems is of primary im- 
portance to Aviation Carburetor Mechanics. But Aviation 
Machinist Mates responsible for general maintenance work 
and other subdivisions of Aviation Machinist Mates — ^that is, 
Aviation Hydraulics Mechanics, Aviation Instrument Me- 
chanics, Aviation Propeller Mechanics, and Aviation Flight 
Engineers — all can profit by an understanding of why and 
how aircraft fuel systems operate. 

Starting with an explanation of the function of the fuel 
system, this book contains information on tanks and tubing, 
fuel-line accessories, fuel pumps. Then it explains the 
principles of carburetion, the kinds and use of gasoline. It 
also describes the Stromberg float-type carburetor, the Strom- 
berg injection carburetor and the Holley carburetor. In 
conclusion, there is a section on the induction system, which 
includes discussion of intake manifolds and superchargers. 

As one of the Navy TKAmiNG Courses, this book repre- 
sents the joint endeavor of the Naval Air Technical Training 
Command and the Training Division of the Bureau of Na^"al 
Personnel. 
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CHAPTER 1 

KINDS OF FUEL SYSTEMS 
COMBUSTION 

You all know what gasoline is — particularly 
since rationing went into effect. Prior to that, 
it was simply something to put into the fuel tank 
of a car, when you were lucky enough to have both 
LIBERTY and a little handy change. But gasoline 
was important long before rationing made its ap- 
pearance. From the earliest motoring days, it 
was something that you could always “run out 
of’’ at convenient times for special parking pur- 
poses — as well as at other times, not quite so con- 
venient. It was important, however, because it 
made the car run. For even the best cars, high- 
pressure salesmanship regardless, will not run on 
their reputations alone. 

But the importance of gasoline with respect to 
personal convenience and requirements fades into 
“nothingness” when you consider the vital — ab- 
solutely indispensable — part that gasoline is play- 
ing in World War II. Without gasoline, all 
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forms of motorized equipment would be bogged 
down. Gone from the skies would be the vast 
fleets of airplanes that are the pride and hope of 
every American — man, woman, and child. With 
gasoline removed from the picture, the territorial 
status of the earth’s surface would remain pretty 
much “quo”, or as it is now, with the enemy 
possessing vast territory that was grabbed off in 
the first flush of victory. The power that will 
carry the war home to the Nazis and the Japs, and 
pay back with interest all the terrorism and 
slaughter that they have caused, will be furnished 
by gasoline and its parent, fuel oil. 

Gasoline is not explosive. Rather a startling 
statement, but before you begin lining up your 
arguments, let’s go a little further and explain 
that gasoline by itself will not explode. If a 
lighted match is plunged quickly into a pan of 
gasoline, the match will probably — remember that’s 
PROBABLY — go out. If not, the surface might he 
set on fire, for gasoline is inflammable. 

Now, it is not recommended that you adopt the 
practice of dousing lighted matches in gasoline — 
stepping on them is much safer. If something 
did go wrong, you would probably never know 
what happened, and your next of kin might have 
difi&culty in collecting your remains. For gaso- 
line vaporizes at ordinary temperatures, and the 
vapor WILL explode when mixed with the proper 
portion of air. Just such a mixture might exist 
above the surface of the gasoline at the instant 
that the lighted match contacted it, and then. 
Poof! — and oblivion. 

Since gasoline is used as the fuel for cars, 
trucks, tanks, aircraft, and what have you, some 
means must be provided to vaporize the gasoline 
and to mix this vapor with air in such propor- 
tions that an explosion will occur in the engine 
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cylinders when the mixture is ignited. So far, 
the term ‘‘explosion’’ has been used to describe 
the action in the engine cylinder at the instant 
of ignition, because it has been assumed that 
combustion occurred simultaneously in all por- 
tions of the charge. In an actual engine, how- 
ever, combustion is not instantaneous, but starts 
at the point of ignition and spreads progressively 
to the remainder of the charge. Consequently, 
explosion is a misnomer. So be done with it, and 
use the term “combustion” hereafter when re- 
ferring to the burning of the fuel in the engine 
cylinders. 

THE ATOMIZER-CARBURETOR 

All right, it’s combustion, but how is the gaso- 
line vaporized and mixed with the air in the 
correct proportions? Before going very far into 
this operation, maybe you’d better take a look at 
a simple device known as an atomizer. You’ll 
recognize it as one of those insidious feminine 
gadgets that your latest “wizard” probably uses 
to make herself irresistible before starting out 
on her nightly reconnaissance. 



Figure 1.— Atomizer shows elementary carburetion principle. 
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The atomizer you see in figure 1, consists of 
three main parts, namely, the body containing the 
liquid, the top with its nozzle, and the bulb. The 
top section carries a tube, the bottom of which is 
submerged in liquid. The upper end of this tube 
has a small opening. A second tube leads from 
the bulb to a point just above the opening in the 
tube. Now, what happens when milady squeezes 
the bulb? The air in the bulb is forced through 
the tube and out of the nozzle at the top of the 
atomizer. As it passes the top of the tube, it 
produces a vacuum — or empty space — above the 
opening in the tube. The same thing happens in 
the tube that happens when you suck a coke 
through a straw. The empty space, or vacuum, 
above the tube causes the liquid (perfume in this 
case) to rise in the tube and pass out through 
the top opening. As the opening is very small, 
the liquid emerges in the form of a fine spray. 
This spray mixes with the air passing through 
the nozzle and floats onto milady — ^thus establish- 
ing a first line of offense. 

And that, removed from the ^‘bood-wah’’, is the 
elementary principle behind carburetion. More 
of this later, but right now it is well to find out 
how the gasoline reaches the carburetor. 

CARBURETORS MUST BE FED 

It’s not news that gasoline is the breath of life 
to the airplane. It’s no less understood also that 
the fuel must be carried in the airplane and 
conveyed to the engine. But there is much more 
to it than that. The gasoline must be fed to the 
engine in the proper proportion at all times, 
and must supply the engine with the much needed 
punch regardless of conditions. Just a split sec- 
ond’s hesitation of the engine to respond to the 
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pilot’s direction may mean the difference between 
life and death to the entire crew. 

Your car runs on an even keel. Sure, you 
strike an occasional grade. But consider the 
airplane. It climbs at a sharp angle to the 
earth. It banks or rolls. It spins. It stands on 
its nose in a dive. It even turns upside down. 
Any of these maneuvers would “kill” the auto- 
mobile engine. But to the airplane, they are 
simply a part of the daily “manual with arms.” 
One minute the airplane is skimming the tree 
tops — almost parting your hair. A few minutes 
later it is a dot in the sky — ^where the atmosphere 
is thinner and the temperature is lower. And 
the carburetor — ^like the mills of the gods — doles 
out the gas, patiently, accurately and constantly. 

THE FUEL HOOK-UP 

Broadly speaking, the fuel system of an air- 
plane consists of two general sections, namely, the 
STORAGE SECTION and the PUMPING SECTION. The 
storage section may consist of nothing more than 
a tank, provisions for filling the tank, and a 
shut-off valve. Jjarger systems, however, are not 
so simple, and usually consist of several tanks, 
selector valves, rapid refueling provisions, dump 
valves, and means for the transfer of fuel between 
the tanks and the carburetor during flight. 

The practice of using several small tanks 
rather than a few larger ones has complicated the 
plumbing and layout somewhat, but it permits a 
more efficient use of the available fuel storage 
space. 

The pumping section consists of the master 
fuel strainer, an auxiliary pump (operated either 
by hand or by an electric motor), a fuel-tank 
selector valve, engine-driven main pressure pump, 
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pressure-relief valve, pressure gages, auxiliary 
strainers, and priming system. When more than 
one engine is used, some means of cross-feed 
between the engines is also required. 

GRAVITY FEED 

When a man bails out of an airplane, he imme- 
diately starts downward — or earthward. Why? 
Because a certain force — gravity — tends to draw 
to the earth all matter on or near its surface. In a 
gravity fuel system, as the name implies, the 
gasoline flows from a higher point to a lower 
point — or from the fuel tank to the carburetor — 
entirely by gravity. 

The pressure system, on the other hand, em- 
ploys a pump. The gravity system is simple 
and reliable, but, it wonT do for modern war 
planes. Let’s see why. 

The actual pressure available from a gravity 
system is approximately 1 pound per square inch 
(abbreviated psi) for each 40 inches of head of 
fuel. The head, by the way, is the vertical dis- 
tance from the surface of the liquid in the tank 
to the point of discharge into the carburetor. 
When you realize that in some of the large air- 
planes, the required gasoline pressure runs as 
high as 15 psi, or even more, you have one very 
good reason why the gravity system is impracti- 
cal for such airplanes. The fuel tank would have 
to be located at a point 40x15=600 inches, or 50 
feet, above the carburetor, which, you will admit, 
would require rather a high airplane. Further- 
more, the gravity system is not sufficiently reliable 
for use in modern war planes. 

The gravity system is used in some light train- 
ing biplanes, where the relative height of carbu- 
retor and fuel tank presents no serious problem, 
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since the fuel pressure is comparatively low, and 
the tank, or tanks, are located in the upper wing. 

Note the simplicity of the gravity system, as 
illustrated in figure 2. There is no hand or 
wobble pmnp, no engine pump, ho pressure gage. 



no bypass or relief valve. The system is com- 
posed of the tank and a line of tubing that ex- 
tends to the fuel shut-off cock, thence to the 
strainer and the carburetor. The primer may be 
connected into the line at any convenient place. 

PRESSURE-FEED FOR SINGLE ENGINE 

You can obtain a good idea of the relation of the 
various parts of a pressure-feed fuel system from 
the diagram, figure 3, which illustrates a simple 
•fuel system for a single-engine airplane. 

Fuel is placed in the tank through the filler 
neck at the top, which is provided with a screw 
cap and a brass screen strainer to keep out for- 
eign matter. At the bottom of the main tank are 
two outlets, both of which are fitted with screens. 
The main line outlet is located at a higher point 
in the tank than the reserve outlet in order that 
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the ordinary gasoline supply may be taken from 
it, when the selector-cock control handle is turned 
to MAm. If this supply should fail, the cock may 
be turned to reserve, thus drawing gasoline from 
the tank through the. reserve line for an addi- 
tional half hour, or more, of flight. From the 
selector-cock the gasoline flows through the 
strainer and the hand pump of the A. E. L. 
Unit, and thence to the engine-driven pump. 
Operation of the hand or electric pump will force 
the fuel through the main-pump housing by 
means of a bypass valve built into the housing. 

When either the maiji pump or the auxiliary 
pump is operating, fuel passes through the 
adjustable relief valve that is built into each 
pump unit at the point where the fuel stream 
divides. Part of the fuel goes to the carburetor, 
or carburetors, through the supply line according 
to the demands of the engine, and the excess 
escapes through the relief valve and returns to 
the inlet side of the pump. The fuel-pressure 
gage is connected to the carburetor in order to 
show the actual pressure of fuel delivered to the 
carburetor. The primer line is connected to the 
A. E. L. Unit and is provided with a shut-off 
valve in order to prevent any possibility of the 
fuel being drawn into intake manifold by way 
of the primer while the engine is running. The 
vent lines from the top of the tanks and the drain 
lines from the shaft of the fuel pump, the car- 
buretor, or carburetors and tanks, lead clear of 
the fuselage to a safe point of discharge. 

The exact pressure generated by the fuel pump 
depends on the adjustment of the relief valve, and 
may be anywhere from 3 to 17 psi, according to 
the type of carburetor. In general, a pressure 
of approximately 3 psi is used for a float-type 
carburetor, or mechanical fuel injector. A pres- 
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sure of 6 to 7 psi is used for a diaphragm-type, 
variable-venturi carburetor. And a pressure of 
12 to 17 pounds is used for a pressure-injection 



Figure 3. — Diagram of simple type of single-engine fuel system. 
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carburetor. In combat airplanes, the carburetor 
air pressure is appreciably higher than the normal 
atmospheric pressure, the increase being produced 
by an external supercharger. 

There are variations in the set-up as illustrated 
in fi^re 3, such as the primer hook-up and the 
auxiliary tank installation. In fact, each installa- 
tion presents a slightly different problem. 

PRESSURE FEED FOR TWIN ENGINES 

When a plane has two engines, the fuel system 
is essentially that of two single engines, plus the 
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arrangement for interconnecting the two systems 
by a suction or pressure cross-fuel line. With 
this circuit, a typical layout of which you can see 
in figure 4, you can operate both engines with a 
single engine-driven fuel pump, or with two or 
more pumps. Fuel can be supplied to one or both 
engines from either set of fuel tanks. By adding 
lines and units and following the same method 
of procedure, fuel-system circuits for airplanes 
having more than two engines are made up. If 
you will compare the diagram of the system for a 
single engine and that for two engines, you will 
readily observe the similarity of the equipment 
in the two systems. Any number of fuel tanks 
may be employed, these being located at any con- 
venient place. 

By this time, you should have a pretty good idea 
of the general lay-out of ' the fuel system of an air- 
plane. Of course, it isn’t quite as simple on the 
airplane as it appears in the diagram. But once 
the general plan is fixed in your mind, you 
shouldn’t have any serious difficulty in tracing 
out the fuel circuit of any airplane with which you 
come in contact. 
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CHAPTER 2 


TANKS AND TUBING 
TANK CONSTRUCTION 

Fuel tanks for training and utility aircraft are 
usually constructed of aluminum alloy, torch 
welded at the seams, and w^th the baffles riveted 
and then welded in place. Other metals, such as 
brass, copper, or terneplate have certain ad- 
vantages, but their weight is so great that they 
are practically never used for gasoline tanks on 
modern airplanes. Combat types of aircraft are 
equipped with rubber-like, self-sealing, fuel cells 
for all internal fuel. 

A metal that has been used with great success 
because of its high strength and stiffness is stain- 
less steel. Exceptionally light tanks are made 
from this material. Steel is employed for drop- 
pable tanks because the cost of the material is 
much less than that of aluminum. Because of the 
fact that the steel can be drawn much thinner than 
aluminum and still retain sufficient strength, the 
use of steel adds very little to the weight of the 
airplane. Tanks made from steel have the edges 
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joined by overlapping seam welding, which pro- 
duces an absolutely tight joint. 

Droppable tanks have also been made entirely 
of pl3Twood and plastics. This material is not 
used much at present for this purpose, except in 
the case of collapsible tanks. 

Large tanks may require internal plates, or 
baffles, located so as to break up the space into 
several small sections. These baffles provide in- 
creased rigidity of the tank, and prevent ob- 
jectionable surging of the gasoline in flight. The 
baffles contain a large number of holes in order 
to reduce their weight, and also have openings at 
the bottom to permit complete drainage of the 
tank. In some cases, the shape of the tank makes 
the use of baffles imnecessary. 

The fuel tank may be an integral part of the 
structure of the wing, hull, or float, or may be a' 
separate removable tank, installed wherever space 
is available. The shape of the tank is variable, 
depending on the airpfane for which it is built. 

Externally mounted droppable tanks are of the 
conventional teardrop type, carefully streamlined 
to eliminate wind drag and to give better climb- 
ing ability. Droppable tanks are placed at any 
convenient points, such as the bomb bays. The 
tanks are then shaped according to the space they 
are to occupy. 

Teardrop external tanks are designed to flt 
imder the plane wings or fuselage, and are at- 
tached in such a way that they can be dropped 
quickly in any emergency. The pilot can then 
switch to his regular fuel tank without interrupt- 
ing the flow of gas to the engine. The use of the 
droppable tank not only increases the flying range 
of an airplane in the ferry service, but increases 
the combat range of flghting airplanes. You will 
realize the importance of this, when you consider 
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the great distances that United Nations’ airplanes 
must sometimes travel to reach objectives. Or- 
dinarily, the regular fuel load is insufficient to 
make the round-trip journey and leave ample re- 
s,erve for extended flying in combat. 

Some tanks carry a separate compartment 
known as a reserve tank. Holes in the top of 
this tank permit it to be filled with gasoline when 
the main tank is filled, yet it will retain sufficient 
gasoline to permit the airplane to operate for a 
substantial length of time after the fuel is ex- 
hausted from the main tank. 

One method of forming a reserve is to use a 
standpipe to which the main fuel line is connected. 
When the top of the standpipe is uncovered by 
the gasoline, the main flow will stop, but there 
will still be a reserve supply of gasoline equal in 
height to the length of the standpipe. A strainer, 
usually of 10-mesh monel screen is provided at 
the top of the standpipe (or at the main outlet 
if no standpipe is used) as well as at the reserve- 
outlet fitting. 

The usual method of forming a reserve fuel 
supply is to have a separate tank that is used 
for an emergency fuel supply. 

A vacuum-relief valve is installed in the upper 
part of the tank to prevent the pressure within 
the tank from becoming less than that of the 
external atmosphere. 

The filler necks of fuel tanks are so installed 
that an expansion space is automatically provided 
when the tank is serviced. A vent line from the 
top of the tank leads overboard, so as to reduce 
the danger of fire from fuel or vapors that may 
be discharged. It is an important part of your 
duties to see that this line is properly installed 
and free from any obstruction. The filler cap is 
located in the center of a handhole cover in the 
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illustration. Several of these handholes are pro- 
vided for cleaning, inspecting, or repairing the 
fuel tank. 

Combat airplanes are equipped with self -sealing 
tanks. These tanks are effective against the effect 
of .50 caliber bullets and even single hits with a 
20 nun. Self-sealing tanks are usually con- 
structed of several plies of cord and rubber. 

A fuel-quantity gage extends from the top to 
the bottom of the tank and has a direct-lift float, 
the motion of which is registered electrically on 
the gage. Other types of float mechanisms are 
employed, as is explained elsewhere in this book. 

INSTALLING TANKS 

When installing some fuel tanks, it is necessary 
to use padding between the tank and the supports, 
or “tank bearer,^’ and also between the tank and 
the retaining, or holddown, clamps or straps. 
This padding prevents chafing and damage to the 
tank. It is made of strips of felt from % to % 
inch thick, and must be wide enough to covei' 
the entire support. The felt should be impreg- 
nated with paraffin, oil, or asphaltic-base paint. 
Do not use padding of rawhide or composition 
material containing free alkalies or chlorides, as 
it will cause corrosion of the aluminum. Use 
shellac to hold the felt in place on either the 
support or the tank. 

In all cases be sure to anchor the tanks se- 
curely, as a slight shifting may cause a leak. 
Fasten the tanks so that vibration is reduced to 
a minimum, since vibration tends to crystalize the 
material of which the tank is made and produce 
cracks, particularly in aluminum and aluminum- 
alloy tanks. 
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MAINTENANCE OF TANKS 


Metal gasoline tanks used on seaplanes and on 
other craft operating near salt water must be well 
protected on the outside by at least two coats of 
zinc-chromate primer, specification^ an--tt-p-656. 
For this reason, when you are servicing a tank 
you should check the surface for exposed spots. 
If there are any such spots, give them the proper 
covering. 

Metal tanks are always equipped with a remov- 
able container mounted in the smnp or drain, in 
which dichromate crystals are held to prevent 
internal corrosion. These crystals must be re- 
newed periodically. 

When. making repairs on a metai. fuel tank, 
use the following procedure, so as to prevent 
damage to the taifiss, and possible injury to 
personnel — 

Drain the tank, disconnect all fittings, open 
vents, caps, etc. 

Run a stream of hot water — temperature not 
over 150° F. — through the tank for one hour. 
Water must enter at the bottom of the tank, 
and flow out at the top. Make every effort to 
avoid a trapped air space within the tank. 
Then reverse the flow of water and run it 
through the tank from top to bottom for one 
hour. If hot water is not available, use cold 
water, but double the time — ^make it two hours — 
that the water flows from bottom to top. 

Blow low-pressure compressed air through 
the tank for at least one hour — and as long as 
necessary to remove all odor of fuel. 

Attack a red danger tag to the tank until the 
three foregoing operations have been completed. 
Then add a white inspection tag, bearing the 
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date of purging and the signature of the 
inspector. 

Circulate a stream of low-pressure air 
through the tank all the time while actual 
repair operations are being carried on. 

Subject tanks that have contained fuel and 
have been in storage — even if previously 
purged — to the operations described here, before 
starting any repairs on them. Tanks that have 
‘‘been empty” for months have been known to 
blow up with disastrous results, when an effort 
was made to repair them with a blow torch. 

Prepare non-metallic droppable fuel tanks for 
repairs in the same way as described for metallic 
tanks, EXCEPT that the temperature of the water 
must be held to a maximum of 100° F., and the 
water must be circulated only from bottom to top, 
and for a duration of one-half hour only. 

REPAIRING SELF-SEALING TANKS 

The extent to which a self-sealing tank may be 
repaired effectively depends upon the seriousness 
of the damage, and the facilities available — ^to say 
nothing of the experience of the repairman. You 
just can’t handle one like the inner tube of a 
tire even though the actual patching process is 
quite similar. In the first place, you must have 
the proper equipment and material at hand. 
Even when thus equipped, you will find some 
tanks so badly damaged tnat they can’t be re- 
paired, but must be scrapped. When scrapping 
is necessary, save any flat areas that could be used 
in repairing other tanks less severely damaged. 
And be sure to save all fittings, as they may be 
needed to replace damaged ones in otherwise 
usable tanks. There may be plenty of material at 
hand at your shore station in the good old U. S. 
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A., but you may not find it so plentiful when re- 
pairs must be made at some distant point far 
from your base. 

Rubber fuel tanks — ^ both self-sealing and non- 
self-sealing — should be prepared for repair in 
the same manner as described for metal tanks, 
BUT the water temperature must be held to a 
maximum of 100° F. 

When an airplane is brought into the shop for 
REPAIRS, BUT NO actual REPAIRS OF THE FUEL TANKS 
are required, take the following steps to protect 
the tanks — 

Drain all tanks completely through the drain 
valve at the lowest point in the system. 

Fill the tanks slowly with GO 2 by placing the 
hose at the bottom of the tank. When CO 2 be- 
gins to escape from the drain, shut off the gas. 
Allow air to escape from the vent and filler open- 
ings. Since CO 2 is heavier than air, the air 
must be forced out at top. 

Note. — The pressure of the CO 2 must not ex- 
ceed 1.0 PSI AT ANY TIME DURING THIS PROCEDURE, 
AS OTHERWISE THE TANK MAY BE RUPTURED. A HAND 
VALVE AND AN 0.064 INCH ORIFICE IN THE CO 2 INLET 
LINE ARE RECOMMENDED TO KEEP THE CO 2 PRESSURE 
UNDER CONTROL. SMALL TANKS MAY REQUIRE AN 
0.04 INCH ORIFICE. 

This is IMPORTANT. Take readings on an ex- 
plosion METER throughout the interior of the 
tank. When 100 percent inexplosive readings 
are obtained throughout the tank, carry out the 
remaining steps. 

Put the filler cap on the tank, but do not seal 
vent openings. 

Attach a red danger tag to the tank until the 
first four operations are completed. Then add a 
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WHITE INSPECTION TAG, bearing the date of purg- 
ing and the signature of the inspector. 

Check the tanks every 6 days with the explo- 
sion meter. Refill with CO 2 if the meter indi- 
cates a necessity. Note the result, and mark on 
the inspection tag the result of the check. 

The CO 2 purging will not interfere with 
RECOMMISSIONING OF AIRPLANES. Fueling may be 
done without further attention to the tank. 

Note. — Do not use the CO2 purging procedure 

IF TANKS THEMSELVES REQUIRE ANY INSPECTION OR 
WORK IN THE SHOP; OR, IF LINES TO TANK MUST BE 
BROKEN FOR WORK IN SHOP. 

When ' making actual repairs on self -sealing 
tanks, refer to bu-aer technical orders (T. O.), 
as repair methods and equipment are subject to 
change on short notice. 

GENERAL NOTES ON SELF-SEALING TANK REPAIR 

Let all repaired tanks dry for at least 24 hours at 
100° F. (38° C.) before filling them with gasoline. 

Wash cement out of the brushes with solvent im- 
mediately after using or the cement will become in- 
soluble, and the brushes must be thrown away. 

Do not work on self-sealing tanks in an enclosed 
room without proper ventilation. Wear a respi- 
rator if you are forced to work inside the tank. Sol- 
vent, cement, or fuel- vapor fumes are likely to make 
you ^‘keel over.^’ When practicable, air should be 
circulated through the tank to prevent high concen- 
trations of vapor. 

Another reason for preventing the accumulation 
of vapor is that this vapor is highly inflammable. 
Smoking or open flames must not be permitted where 
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repairs are being made. To eliminate the danger 
of a spark that might be caused hy the scuffing of a 
shoe, wear shoes with full rubber soles, or sneakers. 
Don’t let anyone else come near your job unless he 
is similarly equipped. 

FUEL LINES AND FITTINGS 

The fuel lines feed the juice” to the engine. 
Should they cease functioning because of leaks or a 
failure of any of their vital parts, the engine will 
first sputter and cough — as though in protest — ^and 
then with a final gasp, will quietly “conk.” 

To lessen the danger of such failure, the fuel lines 
are installed in positions where there is a minimum 
possibility of damage. When the fuel lines are 
located in positions where they are likely to be 
injured by gun fire, they are formed of puncture- 
proof, or self-sealing hose. 

In servicing an airplane, you can greatly lessen 
the likelihood of future trouble by observing the 
same rigid rules in reinstalling the fuel lines as 
were used in the original installation. Attention 
is drawn to some of the important rules. 

Wrap self -sealing hose with tape where it 
passes through frames, bulkheads, fuselage skin, 
firewalls, etc. 

When using clamps on metal tubing, do not 
make a metal-to-metal contact with the tube. 
Unless a special clamp with a rubber liner is 
used, place a couple of turns of friction tape or 
a piece of rubber around the tube where the 
clamp is applied. 

Do not make inside bends in rigid tubing less 
than three times the outside diameter of the 
tubing. And make inside bends in self-sealing 
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hose with a minimum radius of twelve times the 
inside diameter of the hose. 

The diameter of the tubing must be imiform 
at all bends. 

At a flexible connection, the tubing must be 
straight for a minimmn distance of 3 inches be- 
fore beginning a bend. At a solid connection 
the tube must be straight for a minimum of 1 
inch before beginning a bend. To assist in trac- 
ing out the lines, each line is marked at both 
ends with a %-inch band in accordance with 
Bureau of Aeronautic Speciflcations. If the 
line is long, a similar mark is used at some inter- 
mediate point. Fuel lines are marked to make 
it easy to identify them, and also to follow the 
line from one point to another, when necessary. 
The marking scheme will be indicated on the 
fuel-line map. 

Fuel lines to the selector valve can be identi- 
fied by using adhesive tape marked with type- 
written numbers on the ends of the lipes that 
are connected to the valve. After the tape is 
placed in position, coat it with clean shellac. 
Your job may be easier if you memorize the 
color schemes, before checking the fuel system. 

A diagram of the fuel system is sent out with a 
plane, and placed in some convenient place such 
as the MAP CASE. This diagram should be fol- 
lowed when reinstalling any part or all of the 
system. 

The rigid tubing used on modem airplanes is 
generally made of aluminum alloy. The size of 
the tubing is governed by the fuel -flow require- 
ments of the engine. Connections between the 
tubing and the various units of the fuel system are 
made by pipe fittings, solderless flared-tube 
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fittings, hose connections, or by' a combination of 
these methods. 

You will find that fiexible joints of airplane 
tubing carry special clamps to which a short sec- 
tion of electric cable is connected. This process, 
known as bonding, is used to provide a complete 
electrical circuit throughout the entire pipe line. 
This prevents the building up of an electrical con- 
dition which would interfere with radio reception. 
Be sure to replace these cables. If special 
clamps are not provided, bond the piping to some 
structure, such as the engine mount, with metal 
bonding clips and strips of flexible bonding braid. 
Before bonding to an anodized aluminum surface, 
scrape off the anodic film at the point of contact, 
because the film has a very high electrical 
resistance. 
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Figure 5. — Standard pipe fittings for airplane fuel systems. 


Standard pipe fittings are shown in figure 5. 
The threaded portions on these fittings are ta- 
pered — % inch per foot — so that when any fitting 
is screwed tightly into another part, a leak-proof 
connection is made. Permanent joint compounds 
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are unnecessary and are generally barred. How- 
ever, approved lubricants that do not harden will 
be found beneficial in making pipe connections. 
These materials should function as lubricants. 
In no case, should you use them as sealing com- 
pounds for improperly installed fittings. Many 
units of the fuel system, such as tanks, fuel cocks, 
strainers, pumps, and carburetors, are provided 
with female pipe threads for the installation of 
various line fittings. 

Threads of aluminum-alloy fittings have a tend- 
ency to seize and gall when the parts are screwed 
together. Therefore, when assembling such fit- 
tings, always use a lubricant. Apply the lubricant 
only to the external, or male, threads, so as to re- 
duce the possibility of any of the lubricant enter- 
ing the line. If regular thread lubricant is not at 
hand, make up a mixture of 25 percent lead 
soap and 75 percent mineral oil, which includes 
engine oil. 

When tightening fittings after lubricating the 
threads, be careful not to draw up the fitting nuts 
too tight. It is easy to place too much load on the 
threads without realizing it. Remember that you 
canT make incorrectly fiared tubes seat properly 
by exerting excessive tension on them. And if 
you place too much pressure on correctly fiared 
tubes, you are liable to thin out the fiare, and 
rupture or crack the tapered seat. 

Flared-type couplings are used for connecting 
up aluminum-alloy tubing. In the type that you 
see in figure 6 (A), the coupling consists of two 
pieces, one.having an internal thread and the other 
an external thread. The internal member is 
slipped over the end of the tube. The end of the 
tube is fiared, so as to fit the seat in the fitting. The 
external-threaded member is then screwed into the 
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internal member, and its tapered end makes a gas- 
tight fit with the flared end of the tube. 

In the coupling shown in (B), a thimble, or 
flanged collar, is slipped on the tube after the nut, 
so that when the tube is flanged, and the coupling 
assembled as illustrated, the flange of the nut will 
bear against that on the thimble, and the thimble 
will press against the flange of the tube. 

During disassembly of aluminum-alloy airplane 
tubing leave fittings with pipe threads in place 




Figure 6. — Coupling for airplane fuel systems. 


wherever possible. Since pipe threads are tapered, 
taking the fittings apart frequently will result 
in enlargement of the inner threads to such an 
extent that a good connection can no longer be 
made. 

In case you must do a coupling job on a new 
piece of tubing that has to be flared, do the flaring 
carefully, as the connection will leak unless the 
flared end fits accurately to its seat. A man 
handy with tools will be able to form a satisfactory 
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flare with a buntly tapered punch and a hammer. 
Several light blows produce a much better flare 
and are less likely to crack the flare than a small 
number of heavy blows. If a flaring tool is avail- 
able, by all means use it. One of these tools, which 
is suitable for different sizes of tubing, is shown 
in figure 7. 



Figure 7. — Tube flanging tool. 


The tube to be flared is clamped between the 
two blocks and the upper end of each tube hole is 
countersunk to conform to the exact shape of the 
desired flare on the tube. A punch or flaring pin 
is moved into position directly over the end of 
the tube in the countersunk hole, and is then 
struck with a hammer until the tube is properly 
flared. Unless the end of the tube is square and 
smooth — ^you should use a file for this purpose — 
you will probably get a one-sided or cracked flare. 
Make the flare slightly longer than the taper on 
the end of the clamping nut, and a little shorter 
than the tapered surface on the fitting, as is shown 
in figure 6 (B). Do not make the flare too long, 
however, as it will not be drawn down tight on its 
seat, and a poor joint will result. 

Beading a tube may be done either by a bead- 
ing TOOL or a BEADING MACHINE according to the 
size of the tubing. An example of a beading tool 
as used for small tubing is shown in figure 8. 
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To make a bead — or raised collar — on the end 
of a tube by using a beading tool, insert the tube 
into the die through the opening formed by the 
parting of the die. Allow the tube to extend 
above the die a distance equal to about 1% times 
the diameter of the tube. Place the assembly in 



Figure 8. — Beading tool for small tubing. 


a vise, and tighten up the vise sufficiently to hold 
the tube firmly in place. Insert the pilot of the 
beading tool into the tube, and strike the tool 
lightly with a hammer. The tube will bulge 
slightly just above the die at each blow of the 
hammer. Continue until the required bead is 
obtained. 

Use a flexible connection at all points where 
there is a relative motion between two parts of 
the fuel line. This connection may be made by 
rubber hose or by a flexible metal tubing. The 
hose connection is common at the present time. 
You will see a joint of this type in figure 9. A 
synthetic rubber, which is not affected by gasoline 
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and therefore requires no liner, is used for this 
purpose. The hose is held in position by means of 
a hose clamp at each end. 

The vibration in an airplane tends to cause the 
flexible joints to become loose. For this reason, 
it is customary to have beads on the tube or fitting 
near the ends. In the illustration, the bead on 



the fitting — the member at the left-hand end — ^is 
formed by turning down the metal so as to leave 
a shoulder. The bead on the tube is formed by a 
tool such as shown in figure 8. 

TUBE BENDING 

If you have to bend tubing to make repairs on 
an airplane fuel line, the method to use will de- 
pend on the equipment that you have available. 
If you are at a shore station, for instance, and 
lucky enough to find a tube bender your job will 
be much easier. If you’re not so lucky, you will 
have to do the best you can with what you have. 
Before bending a tube, bend a piece of soft wire 
or rod to the shape that the tube is to have. Use 
this for a pattern when doing the bending. After 
the tube is bent, handle it carefully, so as not to 
change its shape. Remember, also that the last 
few inches near each end of the tube must be 
straight, to permit the fittings to be slid back 
when the joint is broken. 
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Keep the ends of tubing that are to be joined by 
any sort of fittings absolutely in line with each 
other. Otherwise, the threads of the coupling be- 
come crossed and either make assembly impos- 
sible, or form a joint that is not safe. 

Select the best pieces of tubing available for 
bending — ^pieces that are free from kinks, buckles, 
or small abrupt bends. Plug one end of the tube, 
and fill the tube with rosin or with one of the 
many special compounds that are prepared for 
that purpose. Keep the tube warmed up during 
the filling, so that the material will not harden 
before the tube is filled. Air spaces may form if 
the material becomes hard. When the tube has 
cooled, bend it to the shape of the pattern that you 
previously made. Then heat the tube with a blow 
torch so as to melt out the rosin. 

Of course, if you have to bend up a piece of tub- 
ing when down in some God-forsaken spot, your 
pockets will probably not be bulging with any of 
the materials mentioned. In that case you can fill 
the tube with sand — ^which probably wonT be hard 
to find. Just a word of warning, however. Re- 
member that the tubing will be used to carry gaso- 
line to the engine carburetor, and the sand is 
recommended only when you can swab and blow 
out the inside of the tube thoroughly after the 
bend is made. 

Select only the finest sand, and see that it con- 
tains no large particles. Plug up one end of the 
tube, and pour the sand into the other end through 
a funnel, which may be formed of paper if neces- 
sary. Strike the tube sharply with a fiat stick to 
make the sand settle solidly. When the tube is 
filled, plug up the open end with a wooden plug. 
Then Bend the tube. 

When cutting tubing, be sure that the ends are 
straight. If possible, use a regular tubing cutter. 
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But, if you must use a file, take care to make the 
end of the tube square with the sides. If you can 
find a tubing vise, use it. File .the end of the 
tube until the file runs flat across the face of the 
vise. Then remove all burrs, as, otherwise you 
will probably have a leaky joint or split tube. 
Remove inside burrs with a scraper or a pocket 
knife, and outside burrs with a file. Take care 
not to round off the ends of the tube too much. 

FUEL PRESSURE-CONTROL SYSTEM 

Navy high-performance airplanes are equipped 
with a device that maintains definite predeter- 
mined pressure in the fuel tank above that of the 
atmosphere in which the plane is operating. This 
pressure eliminates fuel-system trouble that for- 
merly occurred at high altitudes. A system so 
equipped is known as a fuel-tank pressure-control 
system. 

The system operates in connection with the 
fuel pump, and the tank or tanks are under pres- 
sure only when the airplane is operating at alti- 
tudes at which fuel-system trouble normally would 
occur. Consequently, the system is designed to 
apply pressure to the tanks automatically when 
the airplane rises above approximately 12,000 
feet. Below this altitude, the normal vent system 
is in operation, and there is no pressure imposed 
on the tanks. 

In a system previously used on some Navy air- 
planes, the tanks were under presure at all times, 
and this made a real fire hazard in case of a crash. 
The system now used, however, presents no 
greater hazard than that of an airplane with- 
out it. 

The pressure-control system — ^as you can see 
from the diagram, figure 10 — consists primarily 
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of two major units, the main regulator unit and 
the manifold pressure cut-off valve. The mani- 
fold pressure is the pressure existing in the mani- 
fold or the part of the system connecting the 
carburetor to the engine. The main regulator — 
or control — ^unit can be located at any convenient 
point in the airplane, provided it does not allow 



Figure 10. — Diagrammatic layout of pressure-control system* 


spillage of gasoline. In most cases, the unit may 
be installed in the same location as any other fuel- 
tank vent junction. 

The pressure-control system consists essentially 
of a shut-off valve that is operated by altitude, a 
pressure-regulator valve, and another altitude- 
operated valve that opens or closes the fuel-tank 
vent system. There are also two safety valves held 
to their seats by springs. One valve opens away 
from the tank and keeps the pressure in the tank 
not over % pound per square inch (1 inch of 
mercury) greater than specified, in case of failure 
of the pressure-regulating valve. The other valve 
opens toward the tank, and hence will open when 
the atmospheric pressure is greater than the 
pressure in the tank. This prevents the fuel tank 
from being subjected to a vacuum during rapid 
descent of the airplane, even in case the automatic 
valves fail to function. 
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All of the valves mentioned are automatically 
operated, and should require no attention. How- 
ever, in case the pressure-control system fails to 
function properly, a hand control is provided for 
emergency use. The system is made inoperative 
by turning the control in the cockpit to the off 
position. The hand shut-off control normally 
should be left on (forward). Exceptions — When 
the tank is punctured in combat, or when the tank 
pressure is not required to maintain satisfactory 
engine operation at the actual combat altitude, 
or as an additional safeguard in event of a forced 
landing under adverse conditions. 

The use of the fuel-tank pressure-control sys- 
tem has produced some definite advantages in the 
operation of the fuel system. With a pressure 
of 3% psi (usually referred to as 7 inches of 
mercury), it has been possible to maintain a 
constant fuel pressure at the carburetor in a rapid 
climb to altitudes considerably in excess of 30,000 
feet. The ratio of vapor to liquid is considerably 
reduced, causing a minimum interference with the 
carburetor metering characteristics. Also, the 
closing of the vent system from the tank prevents 
the loss of the more volatile parts of the fuel by 
way of the vents, and reduces the apparent fuel 
consumption during high-altitude cruising. 

Because of the operational advantages stated, 
it should be desirable to place the pressure cut- 
off control in the off position only when — 

The tank, or tanks, are emptied of fuel. 

The pressure in the tank exceeds that specified 
for the system by more than 2 inches of mercury 
(1 psi). 

The pressure in the tank falls to more than 1 
inch of mercury (% psi) below atmospheric 
pressure. 


Digitized by Google 


32 


Original from 

UNIVERSITY OF CALIFORNIA 



A failure occurs in any of the lines or valves. 

The system starts imposing pressure on the 
tank below 10,000 feet; 

Any emergency occurs not specifically cov- 
ered in the first five items. 

FUEL BOOSTER PUMPS 

Some airplanes are equipped with a fuel booster 
pump instead of a fuel-tank pressure-control sys- 
tem. This system not only serves to prevent fuel- 
system failure resulting from vapor-lock at high 
altitude, but also operates as an emergency fuel 
pump in high-pressure systems in the event of 
engine-pump failure. The booster pump further 
operates as a primer and pressure pump when 
starting the engine, and can be used to transfer 
fuel between tanks at any altitude. 

A fuel booster pump consists of a centrifugal 
type pump built into the frame of an electric 
motor. This pump is connected to the engine- 
driven fuel pump, the inlet being through a throat 
or casing attached to the pump body. The pump 
body houses the impeller blade and the sealing 
parts. 

The principle of operation of the booster pump 
will be made clear to you by looking at the dia- 
gram in figure 11. In this particular installation, 
the pump is mounted on the fuel tank, but it may 
be attached to a detached sump, if more con- 
venient. When the pump is operating, fuel is 
drawn into the impeller housing. As it comes in 
contact with the revolving impeller, the fuel at- 
tains a high velocity, with a consequent reduction 
in pressure. The result is the formation of vapor, 
which is thrown out by the impeller blades, and 
escapes to the top of the tank in the form of bub- 
bles, as illustrated. The solid fuel is dischaiged 
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under pressure into the fuel line. It is important 
that no obstructions exist that would prevent the 
passage of the vapor to the top of the tank. 
Otherwise, the tank will not operate. 

When the booster pump is not operating, fuel is 
drawn through it in the normal manner by the 
engine-driven fuel pump. 



Figure 1 1 . — Operation of fuel booster pump. 


Pump bearings are of the sealed-grease type, 
and the pump requires no lubrication in service. 
Servicing, other than exterior cleaning, replacement 
of seal parts, and the replacement of brushes, should 
not be done at any station except major air stations 
where complete overhauling facilities and replace- 
ment parts are available. 

VAPOR-RETURN SYSTEM 

In some airplanes, a vapor-return line from the 
carburetor is attached to the top of the main tank. 
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Under normal engine operating conditions, ap- 
proximately 5 to 8 gallons of fuel are returned to 
the main tank in one hour of engine operation. 

When the engine is operating with a full main 
tank and with an additional quantity of fuel in 
the wing tanks or the droppable tanks, always be 
sure that sufficient fuel is used from the main 
tank first, to insure space for the fuel that is re- 
turned from the carburetor. Otherwise, the re- 
turned fuel win cause the tank to overfiow 
through the vent lines. By starting and warming 
up the engine with the selector-valve control in 
the RESERVE position, a sufficient amount of gaso- 
line will be removed from the main tank to take 
care of the vapor-return system. After take-off, 
first use the fuel carried in the droppable tanks or 
wing tanks. Use that in the main tank last. 

VAPOR-DILUTION SYSTEM 

A vapor-dilution, or purging, system is provided 
for fuel tanks that are not equipped with self- 
sealing units. The purpose of the system, an 
example of which you will see in figure 12, is 
to lessen the danger of fire or explosion under gun 
fire. WTien a control valve is opened by the pilot, 
carbon dioxide — usually referred to as CO 2 — ^is re- 
leased from a high-pressure cylinder, and passes 
into the tank or tanks that are not otherwise 
protected, with the exception of the droppable 
tanks. A non-inflammable atmosphere is thus 
provided within the tank. 

In some airplanes, the compartment housing the 
self-sealing tank is purged with the carbon di- 
oxide, although none enters the tank itself. 

The vapor-dilution system prevents the pres- 
sure in the tank from becoming greater than that 
for which the tank was designed. Two check 
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valves are placed in the system to prevent the 
return of the CO2 through the lines, once it is 
released to the tanks. 

The pilot releases the CO2 into the tanks just 
before going into combat. The CO2 will not make 
the gasoline in the tanks unfit for further use, in 
case the tanks come out of the fight undamaged. 
Do not operate the cxh dilution system when 
using fuel from the tanks that it protects. In- 



jection of CO2 would result in interruption of fuel 
flow from the tanks. 

Always inspect the CO2 containers before take- 
off. If a crossmark is visible through the in- 
spection window of the container head, the cyl- 
inder is empty, and you should replace the old 
cylinder with a new one. 

The gasoline tanks do not require special prep- 
aration before refilling with fuel for further 
operations after the vapor-dilution has been used. 
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REFUELING GASOLINE TANKS 


Remember when you used to drive up to the 
gas station on the comer with a nonchalant ^‘Fill 
’er up, Bill,’^ or ‘‘Gimme a coupla gallons,” ac- 
cording to the fatness of your pocketbook at the 
moment? Refueling offered no problem to you — 
aside from raising the wherewithal to pay for 
it. Of course, there were one or two regulations 
to be observed — ^for instance, it wasn’t exactly the 
approved practice to stick a lighted match into 
the gas tank to see how much gas you had — ^but 
take it as a whole, the matter was trivial and 
nothing to be concerned about. 

The refueling of an airplane, however, is some- 
thing more than just filling the tanks with gaso- 
line. In the first place, you should not put im- 
plicit faith in the fuel gages. They sometimes do 
get out of order. When servicing is done regu- 
larly on a number of identical airplanes, you 
should check each tank with a measuring stick 
marked off, or calibrated, for the particular type 
of tank to be filled. The measuring stick may be 
calibrated in gallons or be marked off so as to 
read quarter-full, half-full, and three-quarters 
full. Sometimes the gage will indicate correctly 
but not show the true contents of the tank because 
of bulging of the self-sealing unit. 

Fuel should never be placed in an airplane tank 
except on definite instructions from an authorized 
party, such as the flight officer. It is important 
that the person in actual charge of the refueling 
should thoroughly understand the exact amounts 
and kinds of gasoline that are placed in which 
tanks. Preferably a record should be made of 
each refueling. 

Never take anything for granted about the im- 
portant operation of refueling. Always act on 
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definite instructions. A fuel of the proper octane 
rating must be used according to the design of the 
engine, and a notation of this rating should be 
made somewhere about the engine or fuel tanks. 

It hardly seems necessary to warn against smok- 
ing anywhere near gasoline. Carelessness some- 
times becomes a habit in this respect, and if smok- 
ing is indulged in around the highly volatile fuel 
used in aircraft engines, disaster is likely to strike 
the “smokee^’ and his mates, as well as destroy 
any airplane or airplanes in the vicinity. Avia- 
tion gasoline should be ‘‘handled with gloves’^ 
(rubber gloves) at alt times and precaution must 
be taken to prevent spilling it, especially on your- 
self. The chemical makeup is such that the gaso- 
line causes painful and serious irritation when it 
touches the skin. Remove clothes wet by gasoline 
as soon as possible, and wash any parts of the body 
touched by the gasoline with soap and water. 
Also avoid breathing the gasoline fumes, as they 
may cause illness or even be fatal. 

Never use, or allow to be used, dirty equipment 
in handling aviation fuel. Even though the 
fuel passes through several fine strainers between 
the tank and the carburetor, a small particle of 
foreign matter from a dirty receptacle might get 
through, and cause serious trouble when the air- 
plane is in fiight. If funnels are used, rinse them 
in gasoline and see that they are thoroughly clean 
before using them. When a hose is used, see that 
its nozzle is clean and preferably rinsed off, just 
before using. It may have been dropped on the 
ground since the last filling. 

Remove any small objects from shirt or jacket 
pockets when you are doing the refueling, as it is 
easy, when bending over the filler neck, to drop 
small articles from the upper pockets into the 
tank. 
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Never let the weight of the funnel and the gaso- 
line in it rest on the filler neck or pipe, as this 
places undue strain on the neck. Take the same 
precaution with a filler hose. The nozzle used 
with a hose is usually of heavy brass, and is of 
some length. If it is allowed to extend into the 
filler neck of the tank and rest there by its own 
weight, it will exert considerable leverage on the 
neck, and may bend or break the neck loose at the 
tank joint. 

The friction of gasoline passing through the 
filling hose and nozzle induces static electricity. 
You are familiar with it. It is the same thing 
that causes the spark to jump from your finger 
after you have scuffed your feet across a rug and 
touched a piece of metal. 

This static electricity can be highly dangerous 
around an airplane fuel system, for it can cause 
a spark that may quite easily ignite the gasoline. 
For this reason, it is highly important that you 
GROUND the funnel or hose whenever you are run- 
ning gasoline into a tank. The parts are grounded 
when they make a good metal-to-metal contact 
with the tank. This is best accomplished by 
soldering one end of a large insulated copper wire 
to the funnel or hose nozzle, and providing the 
other end of the wire with a clip. Before begin- 
ning the filling operation, attach the clip firmly to 
the filler neck of the tank, so that any charge of 
static electricity developed during the filling will 
pass through the wire and into the tank metal. 
Then it will not cause a spark by jumping the gap 
between the parts as the funnel or hose is with- 
drawn. 

Observe the same precaution when drawing fuel 
from an underground tank into a tank truck, or 
directly into the airplane tanks. Do not refuel an 
airplane during a thimderstorm or when one is 
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‘‘brewing/* if it can possibly be avoided, as the 
air is charged with static electricity at such times. 
Wait until the storm has entirely passed over and 
the danger from this source no longer exists. 
Even after the storm has passed, however, ground 
the entire airplane as a safety measure, before re- 
fueling. This grounding is particularly neces- 
sary for metal airplanes. It is usually done by 
attaching a large copper cable firmly to the metal 
of the airplane, and attaching the other end 
solidly to a metal prong that can be forced well 
into the earth. The tank truck should also be 
grounded when refueling the airplane. 

The original method of preventing water from 
entering the fuel system with the gasoline was to 
strain all fuel through the funnel into the tanks. 
Chamois skin possesses the ability to permit the 
pass^e of gasoline, but prevent the passage of 
heavier substances including water. While this 
method positively prevents water from entering 
the fuel tank with the gasoline, it is a veiy slow 
process, and not adapted to modern airplane 
operation. 

The practice now employed is to strain the fuel 
carefully through a chamois- or felt strainer or a 
strainer with an exceedingly fine mesh screen, into 
the container from which the airplane tank is to 
be filled. The container, which may be a tank 
truck, or even a number of cans, should be cleaned 
periodically and carefully. Since many makes of 
screen strainers will not remove water from gaso- 
line, always test this type of funnel by passing 
saturated gasoline through it into a can or pail, 
before adapting it for actual use in refueling an 
airplane. 

All closed metal containers are subject to con- 
densation of water on the inside. This is the re- 
sult of heat and cold reaching the container 
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alternately. The placing of storage tanks be- 
neath the ground reduces this tendency to con- 
densation to a certain extent by keeping the tank 
always at a comparatively low temperature. 
However, even this practice does not altogether 
prevent condensation, because the earth itself 
changes temperatures with the seasons. Almost 
all fuel trucks and underground storage tanks are 
equippM with some type of water trap or separa- 
tor, which filters the gasoline before it leaves the 
container. Be sure to drain and clean out this 
separator at regular intervals. 

If necessary to store gasoline for any length of 
time above ground in 5 or 10 gallon tanks, pour 
the gasoline from the cans smoothly, with as little 
agitation of the gasoline as possible. Do not 
empty the cans entirely, but leave in the bottom 
of the cans any accumulation of water and rust. 
Strain carefully, preferably through a chamois 
skin, gasoline used from such containers. 

GENERAL REFUELING RULES 

All air squadrons have their own specific rules 
and regulations regarding the refueling and oiling 
of equipment, but, in the main, the following prac- 
tices will be found in effect generally throughout 
the Navy — 

When an .airplane comes in for service, measure 
the fuel in each tank with a clean measuring stick, 
and write down the exact amount in each tank. 
Printed forms are generally available for this 
purpose. 

Examine the tank filler caps and their retainer 
chains, and, if found defective, notify the Flight 
Officer. If a filler cap should come loose in the • 
air, it might very easily be blown back or fall 
where it will cause serious damage. Further- 
more, if the air is rough or bumpy, gasoline may 
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splash out over the airplane, thus creating a seri- 
ous fire hazard. Also examine the tank vents 
carefully to see if they are open and clean. Un- 
less the filling is to be done immediately, replace 
the filler caps after checking. Never trust your 
memory to “do it later, but do it now. 

When working around an airplane, don’t step 
except where a step is provided. If you must 
do so, place your weight as close to a structural 
member as possible. 

Never drag a gasoline hose over the airplane 
structure. Always lift it into position, then pro- 
vide a pad of some kind between the hose and the 
airplane. 

Do not permit a tank to overflow when you 
are filling it. Measure the amount of gasoline in 
the tank first, so that you will know the exact 
quantity required. 

Replace the tank caps, and lock them with 
THE SAFETY DEVICE, if such is provided, and again 
make sure that the retainer chain is in good 
condition. 

Remove all rags, funnels, etc., used in the refuel- 
ing. If the measuring stick belongs with the air- 
plane, wipe it off and put it back in the place 
where you found it. Finally, wipe from the air- 
plane all traces of fuel or oil that were caused by 
the refueling. 

If the airplane has been flown for several hours 
since last servicing, remove the fuel strainers, 
and clean them out. Also drain the water trap. 
This should be done daily. If, upon examination, 
you find an accumulation of water, rust, dirt, small 
metal or rubber particles, or an excessive amoimt 
of sediment, report the matter to your superior 
officer at once. 

After replacing the strainers and the water trap 
and properly securing them by the safety device 
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provided, test them for leakage by turning on 
the fuel cock, and building up pressure with the 
wobble or electrically operated piunp. Never ex- 
ceed the pressure specified for that particular 
system. 

When the refueling operation has been com- 
pleted, it is advisable to drain the sumps of the 
fuel tanks by means of the drain cocks. If pipe 
plugs are provided instead of cocks, it is better 
to drain the sumps before reftteling. 

If it is necessary to refuel an airplane in the 
rain, take full precautions to prevent any rain 
water from entering the tank. Make certain that 
the fuel is of the proper octane rating. Some 
airplanes are equipped to carry fuels of different 
octane ratings in separate tanks. The higher 
octane fuel is used for take-off and emergency 
power operation, while the lower octane fuel is 
used for cruising. 

Never refuel an airplane with a fuel of lower 
octane rating than that specified by the engine 
manufacturer. The only objection to operating 
on fuels of higher octane rating than that for 
which the engine is designed is the danger of 
corrosion and slightly increased wear if the fuel 
contains more tetraethyl lead, which is the anti- 
knock ingredient added to the fuel. 

On airplanes carrying several tanks, and all 
tanks are not to be filled, the order of filling is 
specified in the airplane operation book. Always 
fill the tanks in the prescribed order. If not, 
take-off may be unknowingly attempted on an 
empty, or almost empty, tank. Also the center 
of gravity — or stability — of the airplane is af- 
fected by the order of filling the tanks, and by the 
use of fuel from them. 

Do not have open fires in the vicinity of the 
airplane during refueling, and when refueling at 
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night, never use an ordinary flashlight. You may 
recall an incident reported in connection with 
the crash in which several people were killed and 
Captain “Eddie’’ Rickenbacher was badly in- 
jured. The Captain, in spite of his injuries, 
admonished survivors not to light flashlights. 
He knew that when an ordinary flashlight is 
turned on or off, a small electric spark is pro- 
duced sufficient to ignite a gasoline-air mixture, 
such as enveloped the crashed airplane. 
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CHAPTER 3 

FUEL-LINE ACCESSORIES 
FUEL STRAINER 

Sentinels are stationed at strategic positions in 
the fuel system of an airplane to prevent dirt and 
other alien enemies from sneaking into the carbu- 
retor with the fuel, and sabotaging the works.” 
Some of the sentinels — or strainersi — are placed 
on the outlets from the fuel tanks. These are of 
comparatively coarse mesh and prevent only the 
larger particles from entering the fuel lines. 
Other strainers are placed in the line itself 
and in the carburetor inlet. These are fine-mesh 
strainers. 

A strainer provided with a screen of fine mesh is 
located at the lowest point in the fuel system. A 
strainer of this type is shown in a diagrammatic 
section in figure 13. Its function is an important 
one, for it not only prevents foreign matter from 
entering the carburetor, but, because of its low 
position, it traps any small amount of water that 
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IS present in the system. More than one strainer 
unit is used in some multiple-tank installations. 

In the particular strainer unit illustrated, the 
fuel enters at the side, passes through the screen, 
and leaves at the top. While the fuel is passing 
through the strainer body, all dirt or sediment set- 
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t 

ORAM 

Hgure 13. — Fuel strainer. 


ties to the bottom, where it can be drained out by 
opening the drain cock. The drain cock is usually 
connected to a pipe so that the strainer will drain 
outboard. Drain the strainer after each flight, and 
remove and clean the screen when checlong the 
engine. Use a gasoline spray and compressed air, 
if available, when cleaning the screen. 

ENGINE PRIMER 

Some form of priming system is necessary in an 
airplane fuel system to provide the additional fuel 
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required to start tlie engine. The airplane engine 
is no different in this respect than an automobile 
engine. You probably have vivid memories of 
many a battle with the old bus on raw winter morn- 
ings, or after it had been standing out in the cold 
all day. Use the choke too sparingly, and the en- 
gine would backfire and stall. Prime her too 
much, and she would fiood, and just stand there 
and defy you. Gas-engine design has made consid- 
erable progress during the past several years, but, 
so far, there hasn’t been any way figured out 
whereby the age-old, priming nuisance could be 
eliminated. 

Different practices are followed in injecting the 
priming fuel. In some cases, the fuel is dis- 
charged into the intake. In others, it is injected 
at the carburetor, or the supercharger. 

The standard priming pump is essentially a 
small piston-type hand pump, usually located in 
the cockpit. Fuel for the primer may be supplied 
from almost any point in the fuel system. In 
multi-engine airplanes,, the primer is usually con- 
nected to a distributing valve so as to serve all 
engines, although, in some cases, a separate primer 
is employed for each engine. 

A common type of hand-operated primer is 
shown in figure 14. The fuel enters the primer at 
the inlet and leaves by way of the outlet at the 
points indicated. If the primer serves two or 
more engines, the outlet is connected to a distrib- 
utor valve — similar to a conventional selector 
valve, which, in fact, it is — controlled by a lever 
on the dash, so that each engine may be primed 
independently of the others, if desired. 

The primer is a small gasoline pump operated 
by hand by moving a piston inside of a cylinder, or 
barrel. It is used like this — 

Rotate the pump handle half a turn, or until 
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a pin on the plunger rod comes in line with a 
notch in the cylinder head. 

Pull the handle back slowly as far as it will 
go. Then push it in quickly, so as to atomize the 
gas that is sprayed into the cylinder, intake mani- 
fold, or other place, as the case may be, through 
an injection nozzle. Repeat this operation ac- 
cording to the instructions for the particular 
engine being started. 

When the priming is finished, turn the handle 
until the pin once more lines up with its notch. 
Then push the handle in as far as it will go, and 
turn it about half a turn to the off position. This 
locks the plunger in the closed position, and pre- 
vents accidental fiow of gasoline through the 
primer, and into the induction system. 
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Figure 14. — Hand-operated priming pump. 


Do not attempt to pull out the plunger without 
turning it to on. If you do, the primer will be 
damaged. 

The extent of priming necessary on an engine 
depends on atmospheric and engine temperature. 
The primer plunger handle should be kept in the 
OFF position at all times, except when operating 
the plunger. If possible, prime the engine only 
when the engine is being energized, as the raw 
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fuel should not remain in the cylinders longer 
than is absolutely necessary. 

Some fuel systems are equipped with a primer 
fuel valve that merely connects the priming sys- 
tem with fuel under pressure in the main fuel 
supply lines. Such a valve may be either man- 
ually or electrically operated. The amoimt of 
priming fuel delivered will depend Upon the pres- 
sure in the main fuel system, and the length of 
time that the valve is held open. 

In some systems, the auxiliary, electric-motor 
driven pump is utilized as a primer pump. 

Trouble in the hand-operated priming pump 
can usually be traced to dirt lodging in the suction 
and discharge check valves, or loose or worn-out 
plunger packing — or both. Clean the cheek valves 
by removing the capscrews that hold them in 
place. To tighten up the packing on the plunger, 
release the locknut, screw in the packing nut, and 
then retighten the locknut. When installing the 
barrel of the pump on the dash, be sure to allow 
the barrel to project at least % inch beyond the 
outer fastening nut, to leave room for packing- 
nut adjustments. 

Some engines are provided with an electric 
primer, with the operating switch or switches 
mounted on the pilot’s panel. The electric primer 
may be used alone, or in connection with a hand 
primer. 

FUEL-PRESSURE GAGE 

A fuel-pressure gage is provided on an air- 
plane to indicate the difference between the fuel 
pressure and the air pressure at the points where 
the fuel and air lines enter the carburetor. Gages 
of the type used with externally supercharged 
engines have two connections — ^marked fuel and 
AIR — on the back of the case. The air vent is 
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connected to the air-pressure chamber of the 
supercharger. Airplanes with internally super- 
charged engines, have the air connection of the 
gage open to the air pressure in the cockpit, since 
the pressure is substantially the same as the air 
pressure at the carburetor intake. Only the fuel 
connection to the gage need be made in this case. 

In order to dampen — or lessen — ^pressure im- 
pulses that cause pointer variation, a restricted 
fitting with a small hole — ^usually a No. 60 drill — 
is used to connect the fuel-pressure line at the 
carburetor. This small opening also prevents ex- 
cess leakage of fuel in the event of failure of the 
fuel-pressure line. The correct fuel pressure de- 
pends upon the type of carburetor. The gage, 
however, registers the correct pressure at the 
carburetor only when the gage is installed at the 
same level as the carburetor. If the gage is lo- 
cated much above the carburetor, the reading will 
be lower than the carburetor pressure. When the 
line is partially or entirely filled with gasoline, 
the column of fuel in the gage line exerts a down- 
ward pressure which cancels a portion of the pres- 
sure at the carburetor. Thus, if there is a 3- 
pound pressure at the carburetor, but enough fuel 
in the gage line to exert a downward pressure of 
1 pound per square inch, the net reading at the 
cockpit gage will be only 2 pounds. 

Even though you may never have occasion to 
open up one of these fuel-pressure gages, it is a 
lot of satisfaction to know what ‘‘makes it tick’\ 
For this reason diagrams showing front and side 
views with the gage casing cut away are given in 
figure 15. 

The fuel-pressure line from the carburetor is 
connected to the rear case of the gage by means 
of a pipe-fitting of the type illustrated. The pres- 
sure is then transmitted through a passage to the 
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inside of a curved tube, known as a Bourdon tube. 
The opposite end of the curved tube is closed, 
and the natural tendency of a curved tube sup- 
ported only at one end is to straighten out when 
pressure is applied to the open end. If you don’t 
believe it, fold up a sheet of paper into a flat tube. 
Paste one end shut, roll the tube into a coil, and 
blow into the other end. The tube will straighten. 
When the pressure is removed from the metal 
tube, the springiness of the material causes the 
tube to return to its original shape. 



^GEAR SEGMENT 

Figure 1 5.— Principle of fuel-pressure gage. 


In the fuel-pressure gage the tube is connected 
by links to a gear segment, which is pivoted so as 
to be free to rotate. As the Bourdon tube 
straightens out, the gear segment is caused to ro- 
tate in a counterclockwise direction, as indicated. 
The segment is meshed with a small gear on the 
shaft that carries the indicator hand. As the 
segment rotates, the shaft carrying the indicator 
hand also rotates but in the opposite, or clockwise, 
direction, as indicated by the arrow at the end of 
the hand. 

The fuel-pressure gage is calibrated — ^that is, 
graduations are marked on the dial — ^in whatever 
imits are desired. 
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Fuel-pressure gages require no special mainte- 
nance. If the accuracy of the reading is in doubt, 
test the gage against a standard gage of known 
accuracy. When the pressure-gage line is also 
used as a primer supply line, air leakage at the 
primer may cause the fuel to drain from the line. 
In such a case, the fuel pump or fuel-system may 
appear to be at fault, whereas the pressure at the 
carburetor may remain constant, and the pressure 
gage may be in error. Air bubbles in the line can 
be prevented by filling the line with fuel when 
installing. 


FUEL-QUANTITY GAGE 

Gages for indicating the contents of fuel tanks— 
usually known as fuel-quantity gages — are prac- 
tically all of the fioat type, but differ in the meth- 
ods employed in transmitting the indication to the 
instrument panel. Three types are in common 
use, namely, direct mechanical, hydraulic, and 
electrical. 

In its most simple form, the fuel gage consists 
of a fioat connected to a rod that indicates the 
number of gallons in the fuel tank directly on a 
scale. Gages of this type are illustrated in the 
diagrams, figure 16. The direct-reading gage is 
usually visible through a window in the fuselage, 
so that it may be watched while filling the tank. 

The HYDROSTATIC fuel-level gage is operated on 
the principle that the pressure of the fuel at the 
bottom of the tank is proportional to the depth of 
the fuel in the tank. This system is a little com- 
plicated, and since it is practically obsolete at the 
present time, no description of it will be given 
here. This gage is mechanically satisfactory, but 
forms a serious fire hazard in the airplane. 
Experiments have proved that fire in the gage line, 
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such as might be caused by tracer bullets, will 
follow the line through to the pilot’s cockpit. 

The ELECTRIC FUEL GAGE is made in different 
types. In the electric-resistance type, a float in 



TANK 



the fuel tank is attached to a lever and moves 
a contactor over a calibrated resistance unit. 
The unit is connected in series with a battery and 
a sensitive voltmeter — an instrument for indicat- 
ing the voltage, or pressure, of the electric cur- 
rent. The parts are said to be connected in series 
when the current flows through them one after 
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another. The value of the effective resistance in 
the circuit changes according to the level of the 
fuel in the tank, which deflects the voltmeter 
according to the resistance. The voltmeter is 
graduate to read in gallons or in fractions of 
a tank, as and pull. 

A system providing remote fuel-level indication 
of several tan^ with the gages grouped in one 
instrument, is shown in flgure 17. The indicator 



Figure 1 7.— Electric resistance type of fuel gage. 


consists of three or more indicating elements, 
three being shown in the illustration, each oper- 
ated by a separate liquid-level transmitter, one 
of which is located in each tank. The indicator 
dials are graduated in gallons, and show con- 
tinuous fuel-level indication of all of the tanks 
to which the gage is connected. Each individual 
tank design requires special application and cali- 
bration of the transmitters and indicators. 

The transmitter is actuated by a float-and-arm 
arrangement controlled by the level of the fuel in 
the tank. The float is constructed of cork, and 
is given a special treatment to withstand immer- 
sion in gasoline. A stainless-steel lever is at- 
tached to a pivot at the center of the float. When 
the float rises or falls as a result of change in 
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the fuel level, the motion is transmitted through 
the lever and a pair of gears to a U-shaped mag- 
net inside the aluminum tube, causing the magnet 
to rotate in an aluminum cup which forms a gas- 
tight seal. Inside the cup, a short bar magnet 
attached to the shaft of the transmitter alines 
itself with the poles of the U-magnet, causing the 
transmitter shaft to rotate when the float moves. 
This movement causes a change in voltage, which 
in turn, causes the rotor of a permanent magnet 
on the indicator shaft to assume a definite posi- 
tion of the transmitter arm. 

The circuit of the gage is shown diagrammati- 
cally in figure 18. 



Figure 1 8«— Circuit diagram of electric fuel quantity gage. 


Check the fxtll and empty readings period- 
ically. You can do this while the tank is full, 
or if it is not desirable to fill the tank, you can 
hold up the float by hand. However, checking 
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by raising the float by hand will not indicate 
trouble in the float itself, which may have lost 
some of its buoyancy. 

MANIFOLD-PRESSURE GAGES 

In an airplane equipped with an engine that is 
not supercharged, the available horsepower of the 
engine steadily decreases as the airplane gains 
altitude. The reason for this is that ttie pressure 
of the atmosphere becomes less as the altitude 
increases. Fmally, at a relatively low altitude, 
the power available is reduced to such an extent 
that the airplane can climb no higher. 

Ordinary atmospheric pressure is about 15 psi, 
and will support a column of mercury about 30 
inches in height. Estimated roughly, atmospheric 
pressure drops off at the rate of about 1 inch of 
mercury for each 1,000 feet. So at 10,000 feet, 
for instance, atmospheric pressure is o^y about 
20 inches of mercury or about 10 psi. To over- 
come this difficulty, a supercharger is employed 
to pump air into the engine. Some limit must he 
placed on the amount of pressure that can safely 
be imp<^ed by the supercharger, or damage to 
the engine will result. Because of this, and in 
order that the pilot may be kept informed of what 
is taking place, a manifold-pressure gage is in- 
stalled in the airplane. 

Specific uses of the manifold gage are — 

To prevent over supercharging when operat- 
ing engines at low altitudes. 

Indicate loss of power when flying at high 
altitudes. 

Indicate safe power output of engines. 

Serve as a guide when adusting automatic 
controls for external-type superchargers. 
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A manifold-pressure gage consists of a tightly 
sealed case which is connected to the intake mani- 
fold of the engine by means of an air-tight tube, 
so that the pressure in the manifold is always 
maintained in the case. The dial of one type of 
such gage will be seen in figure 19. Inside of the 
case is a so-called aneroid barometer, and a suit- 
able mechanism for transmitting defiections to 
the indicator pointer. You may not be familiar 
with the operating principle of the aneroid ba- 
rometer, but the simple diagram shown in figure 
20 should make its operation clear to you. The 



Figure 19 . — Dial of manifold-presHfre goge. 


air pressure, and hence the altitude, is measured 
by the action of the atmosphere on a closed col- 
lapsible chamber, or diaphragm capsule. Air has 
previously been exhausted from this chamber, so 
that the outside air tends to collapse it. The 
inner side is fastened to the frame of the instru- 
ment, and the other side carries a post, through 
the end of which a pin is fixed. A curved steel 
spring that is fastened to the outer end of an 
upper post passes imder the pin in the lower post. 
The outer end of the spring is connected by a link 
to one arm of a bell-crank. The other arm of the 
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bell-crank is attached to a chain that is wound on 
a wheel, the wheel is fixed to a spindle that carries 
the gage pointer. 

The tendency of the diaphragm to collapse is 
opposed by the action of a steel spring. As the 
airplane rises, the air pressure within the casing 
decreases, and when the airplane drops to lower 

COLLAPSIBLE CHAMBER 



altitude, the air pressure increases. As the pres- 
sure decreases, the diaphragm expands, and when 
it increases, the diaphragm contracts. This de- 
flection on the part of the diaphragm, and, conse- 
quently, on the end of the curved spring is 
transmitted through a lever and connecting mech- 
anism to the pointer of the gage. 

The Navy manifold-pressure gage is calibrated 
in inches of mercury. It could just as well be 
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graduated in pounds per square inch, or any other 
miit of pressure, but inches of mercury is the 
standard. For many years the normal range of 
these instruments was 10 to 15 inches of mercury. 
The AN standard instrument now has a range of 
10 to 75 inches of mercury. The higher range is 
made necessary by the use of more powerful 
superchargers with high-performance engines. 

You will remember that atmospheric pressure 
at sea level is equivalent to about 30 inches of 
mercury. Hence, when the engine is not run- 
ning, the manifold-pressure gage will equal that 
of the atmosphere, and show a reading of about 30. 

Because the manifold-pressure gage indicates 
the same pressure as the barometer when the en- 
gine is not operating, the gage may be checked 
for correct reading in that range by comparing 
it with the reading of some other barometric in- 
strument. The airplane altimeter is an accurate 
barometric pressure-measuring instrmnent and is 
handy for comparison. To make the check, first 
set the pointer hands on the altimeter at zero, 
and tap the instrument panel gently. With the 
pointer hands at zero, the barometric scale on the 
altimeter will show the local barometric pressure 
in inches of mercury. Compare this reading with 
that on the manifold-pressure gage. The latter 
reading should not diner from that on the alti- 
meter by more than .4 (four tenths) inch of 
mercury. 

After the engine is started, open the drain cock 
in the pressure-gage line for about 30 seconds, 
while the engine is idling. This will clear the line 
and the gage of any condensate that may have 
collected there. When the drain cock is closed 
and the engine is idling, the pointer should move 
to the left since the absolute pressure in the engine 
manifold will be low, that is, 10 to 15 inches of 
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mercury. As the throttle is advanced and the 
engine increases in speed, the pointer should move 
to the right, or in a clockwise direction. 

The pointer should always have a slow and 
steady movement, and be free of any oscillations 
regardless of how quickly the engine speed is in- 
creased or decreased. Any variation in the opera- 
tion other than this is an indication of either of 
two defects, namely, a leak in the gage line or case, 
or improper damping — or restricting — in the line. 
The restriction is provided at the pressure inlet 
fitting to prevent rapid fluctuations of the pres- 
sure within the case. 

Check the instrument for leaks in the case by 
first disconnecting the gage line at the pressure 
end, and then applying pressure until the line is 
closed tight. A leak will be indicated if the 
pointer returns to atmospheric pressure. 

Check the restrictor adjustment by suddenly 
releasing the pressure when the gage indicates 50 
inches of mercury. The pointer should drop to 
32 inches of mercury in not less than 1 second 
or more than 2 seconds. 

SELECTOR VALVES, OR COCKS 

Fuel selector valves, or selector cocks — as they 
are more usually called — have a number of uses 
in airplane fuel systems. They may perform one 
or more of the following functions — 

Select the tanks from which fuel is to be 
taken for the engines. 

Select the engine or engines to which the fuel 
is to go. 

Select the tank, for tank-to-tank transfer. 

For use in refueling. 

In figure 21, view (A), you will see an outside 
view of a commonly used type of selector cock. 
The central rotating section, or plug, of the cock 
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is connected through a flexible joint and a rod to 
the dash unit, an example of which is shown in 
view (B). Fuel enters the cock either through 
a port at the side or at the center of the rear of 
the housing, according to the design of the instru- 
ment. When the selector lever on the dash is in 
the OFF position, the inlet of the cock is not con- 
nected to any outlet, and no gasoline flows from 
the tanks. This position is shown in view (B). 




The simple diagrams in figure 22 will show 
you the principle on which fuel-selector cocks 
operate. When the dash lever is in the off posi- 
tion, the opening in the central plug is not reg- 
istering with any fuel line. This position is 
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shown in view (il). When the dash lever is 
moved to a tank position, the center valve turns 
so as to connect the inlet port with an outlet line, 
and fuel flows from the tank selected. This is il- 
lustrated in view (5), in which the center tank is 
suppl3dng gasoline, and the two side tanks are 
shut off. 



Figure 22. — Principle of operotion of fuel-selector cock. 


For many years the cork-plug fuel cock was in 
general use, but it is being replaced in Navy air- 
planes by a cock that uses a monel-metal plug and 
synthetic-rubber seats. The objection to the cork- 
plug valve is that when it stands idle, the cork has 
a tendency to bulge into the valve ports. This 
bulge makes the valve hard to turn, and sometimes 
results in pieces of cork being sheared off. If 
lubricant is placed on the cork to make it turn 
easier, the lubricant is soon washed off by the 
gasoline. The major over-all dimensions of the 
monel-metal selector cocks are interchangeable 
with the cork-faced type. 

Engine failure can be caused by the improper 
positioning of the selector cock. When shifting 
the cock from one tank to another, watch the pres- 
sure gage. If the pressure drops, check the 
setting of the cock so as to insure correct posi- 
tioning. If, before shifting to another tank, the 
fuel pressure decreases, or is lost because of drain- 
ing the tank, the pressure should return to normal 
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after the shift is made. If it does not, operate 
the emergency fuel pump momentarily to purge 
the system of any air that may have been drawn 
into it. When using the emergency pump, watch 

THE FUEL-PRESSURE GAGE SO AS NOT TO EXCEED THE 
PROPER PRESSURE AT THE CARBURETOR. 

When the selector cock is not centered correctly, 
either the flow of fuel is restricted, or a second 
inlet port in addition to the one intended is at 
least partially open. If the second port leads to 
an empty tank or a reserve standpipe above the 
fuel level, air enters the system and causes engine 
failure. Even if there is fuel at the second port, 
there still may exist the unsatisfactory condition 
of using fuel from a different tank than the one 
desired, as well as the possibility of fuel drainage 
from one tank to another. . 

Backlash may develop in the selector-cock con- 
trol linkage, and the fact that the lever on the 
cockpit control unit is set in the center of the cor-'' 
rect dial sector, does not necessarily mean that the 
cock plug is in the correct position. Be sure that 
the cock ‘‘clicks^’ audibly when you move the lever 
to the desired position, as this removes guesswork 
from the operation. Spring-actuated position- 
finding lugs are provided in the cocks, and these 
snap into detent notches in the cock body in the 
various dial positions with a definite, audible 
click. See figure 22 ((7). 
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CHAPTER 4 


FUEL PUMPS 
ENGINE-DRIVEN TYPE 

The purpose of the engine-driven fuel pump 
is to deliver a continuous supply of fuel at the 
proper pressure and at all times during operation 
of the airplane engine. The type of pump in uni- 
versal use at the present time is the eccentric, or 
offset, sliding-vane type. 

The principle of operation of this type of pump 
will be made clear to you by looking at figure 23. 
View (A) is a diagram of the pump as seen from 
the front, and (B) a view from the side. Fuel 
enters the pump at the opening marked in, where 
it is picked up by vanes, which are caused to ro- 
tate within a housing by the rotor shaft. The 
vanes, which vary in number in different makes 
of fuel pumps, have a sliding fit in the rotor shaft, 
so that at all times during the rotation of the 
shaft, both ends of the vanes are in contact with 
the housing. 

The fuel is carried around to the opposite side, 
and, since there is no other place that it can go, it 
is forced out of the part marked out, and thence 
through a pipe to the carburetor. 
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Since the pump is symmetrical about a horizontal 
axis, it will pump in either direction with equal 
efficiency. Most pumps of this type are plainly 
marked to indicate the discharge port for either 
direction of rotation. 

To maintain a constant pressure at the carbu- 
retor, a relief valve must be provided on the pres- 
sure side of the fuel pump, in order to bypass fuel 



Figure 23. — ^Showing operation of engine-driven fuel pump. 

either back to the inlet side of the prnnp or to the 
gasoline storage tanks. Earlier airplanes carried 
separate relief valves, but the practice now is to 
have the relief valve built into the fuel pump. 

Fuel pumps must also have a bypass valve which 
will allow fuel to pass through the pump, when 
the pump is not running. This is necessary so 
that the auxiliary pump can send fuel through it 
to the carburetor when the main fuel pump is in- 
operative, as, for instance, before "the engine starts 
running, or in case of fuel-pump failure. The 
bypass valve also serves as a safety valve in case 
the engine should rotate backwards, because of 
backfiring. 

In earlier-type piunps, the relief- valve spring is 
located in a metal bellows, or sylphon, but in more 
recent designs, the bronze sylphon is replaced by 
a diaphragm made of rubber reinforced with 
fabric. The diaphragm provides greater fiexibil- 
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ity, and is not as readily subject to failure because 
of fatigue resulting from valve pulsation. That 
word fatigue’^ is rather intriguing. But it is a 
fact that metals and other materials become 
tired’’ after having been exposed to a repetition 
of a stress, and will break down, just as in the 
case of overworked human bodies. 

The action of the relief valve and the bypass 
valve can probably be best made clear to you by 



ngure 24. — Combination of fuel pump, relief valve, and bypass valve. 


means of a simple diagram, such as shown in 
figure 24. In order to furnish a constant supply 
of fuel to the carburetor under all conditions, the 
fuel pump is designed to deliver much more fuel 
at any speed than the engine actually requires. 
Therefore, a spring-loaded (meaning that the 
valve is held to its seat by a coiled spring) re- 
lief valve is placed in parallel — ^like a siding on 
the railroad — ^with the pump, in order to release 
the excess fuel to the intake side of the pump. 

By looking at the illustration, you will see that 
the fuel enters at the in side and passes out of the 
OUT port, as already described. If the pressure at 
the discharge side of the pump exceeds that for 
which the relief valve is set, the valve is raised off 
its seat against the pressure of its closing spring. 
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Fuel then passes through the opening thus made 
and back to the inlet side of the pump, the course 
of the fuel through the valve being indicated by 
the arrows. 

The bypass valves are held closed by the pres- 
sure of the fuel on the discharge side of the pump 
when the pump is running. When the engine- 
driven pump is inoperative, and fuel is forced 
through the pump housing by the auxiliary, or 
priming pump, the fuel enters the pump at the 
usual inlet. It is prevented from passing directly 
across to the outlet by the stationary vanes, and 
goes through the bypass valves to the discharge 
side of the pump, and thence to the carburetor. 

With the operating principle just outlined 
firmly fixed in your mind, you should have little 
difficulty in understanding the construction of 
the actual fuel pump, an example of which is 
shown in figure 25, with certain sections cut away 
so that you may see the interior. 

The diaphragm, or bellows incorporated in the 
relief valve is essential for two important reasons. 
First, it permits the space above the valve to be 
vented, and thus aids in maintaining constant dis- 
charge pressure regardless of variations on the 
inlet side of the pump. Second, by connecting the 
vent to the carburetor scoop or the engine super- 
charger, a constant pressure difference between 
the fuel pressure and carburetor-scoop pressure 
or manifold pressure, respectively, is maintained. 
For proper altitude compensation, the vent must 
be kept open. If it should become clogged by ice 
or dirt, while the airplane is fiying at higher alti- 
tudes, the pump discharge will decrease while the 
plane is descending. If the vent should become 
clogged during ascent, the pump discharge pres- 
sure will increase as the altitude is increased. 
The vent opening is made small so that the loss of 
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Fifure 25.— Cutaway view of engine-drtven fuel pump. 




pump suction will be lessened in the event of 
damage to the diaphragm or sylphon imit. Do 
not enlarge the vent opening. Inspect the open- 
ing and its protecting screen at each engine check. 
Probably the easiest way to check the vent open- 
ing is to insert the shank end of a No. 80 drill 
into it. 

There are different makes of fuel pumps in 
common use, but the general principle is similar 
in each case, the chief distinction being in the 
number and type of vanes used. One pump, for 
instance, employs solid vanes while the others 
have split vanes. 

The majority of fuel pumps are mounted di- 
rectly on the engine, and are driven by a square, 
tongue, or splined-drive coupling. All pumps do 
not rotate in the same direction, and you should 
check the proper direction of rotation before in- 
stalling the pump. Also see that there is end 
clearance at the drive shaft, as otherwise the shaft 
seal will be ineffective. 

Electric fuel-pump drives are also entirely 
practical, and may be used in certain airplanes. 
This method of drive offers the advantages of 
optional pump location, and is somewhat easier 
to install. Obviously, only an explosion-proof 
electric motor of special design is satisfactory for 
driving fuel pumps. The common practice is to 
install the pump directly on the engine. 

MAINTENANCE 

Fuel pumps require very little maintenance 
between overhauls, which should usually be done 
at the same time as the engine overhaul. At 20- 
hour intervals, you should inspect the vent open- 
ing into the relief -valve upper body or cover plug, 
as already described. Inspect also for leaks, 
proper operation, and security of prnnp moimting. 
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Find out how the pump is lubricated. Some 
pumps must be lubricated periodically, and in 
others the drive shaft and coupling are lubricated 
by the engine oiling system. Do not apply grease 

THROUGH THE DRAIN OPENINGS. 

In case of faulty operation of the relief valve 
or bypass valve, remove the valve assembly, and 
inspect the valve seat, valve, and valve-stem guide 
for the presence of foreign matter. Wash the 
parts thoroughly, and check the valve stem and 
guide for easy action. See that no dirt is lodged 
on the facing or seat of the bypass valve, and 
that the air-vent line and vented pipe plug at 
the supercharger air connection are free of 
obstructions. 

To adjust the pump-discharge pressure, it is 
necessary to change the compression on the relief- 
valve spring. To do this on some pumps you 
will have to loosen the locknut at the top of the 
pump. In others, the valve-cap nut must be re- 
moved in order to get at the adjusting screw. 
Insert a screwdriver into the slot of the adjusting 
screw and turn the screw in to increase the com- 
pression of the relief-valve spring and raise the 
pump-discharge pressure, and turn the screw out 
to lower the compression and decrease the dis- 
charge pressure. 

Since some pumps have adjusting screws that 
turn clockwise to increase the compression, and 
others turn counter-clockwise, you will have to 
determine the proper direction to turn the screw 
by trial, unless the proper direction is indicated. 

After the adjustment is completed, tighten the 
locknut or replace the cap, and lock the nut or 
cap in place by wire. 

Fuel-pump overhaul should be undertaken only 
at properly equipped overhaul stations where 
complete facilities for repair and testing are 
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available. As there is little likelihood of your 
finding such facilities the best thing to do, if 
possible, is to replace the pump with a good one, 
and then send the old one back for repair. In 
case the replacement pump happens to be a new 
one, observe the following instructions — 

Remove the shipping plugs from the parts, 
drain out the excess oil, wash with clean gaso- 
line or cleaning fluid, and test for freedom 
of rotation. The pump should turn smoothly 
when rotated by hand, although it may be fairly 
stiff because of the shaft seal surfaces being 
dry. It is ok to use a small key or adjustable 
pliers in turning the driveshaft, but never apply 
any undue force. If there is a catch when the 
shaft is rotated in this way, it indicates the 
presence of dirt. Rewash the interior with 
clean gasoline. 

After the pump is installed, connect the in- 
take and discharge lines. See that the pump 
port and line fitting threads are in good condi- 
tion for gasoline-tight joints. If the pump is 
mounted directly on the engine, use flexible con- 
nections at the pump ports to insure against 
failure of the tubes because of vibration. Make 
all connections carefully, and support all tubing 
in accordance with Air-Coips requirements. 

Install a %-inch (outside diameter) drain 
line from the lowest hole in the pump, and 
direct the open end of the tube into the slip- 
stream. This line is provided to carry away 
any fuel that works out of the seal, and must 
be kept free of traps that would interfere with 
the drainage. Make the connection to the su- 
percharger or carburetor air scoop by a %-inch 
tube. If no such connection is necessary, plug 
the vent hole with a vented plug. 
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AUXILIARY PUMPS 


Every pressure-feed fuel system requires an 
auxiliary pump to supply fuel pressure for start- 
ing the engine, to serve as a primer, and for use 
as an emergency pump in case of failure of the 
main fuel pump. The type of auxiliary pump 
that has been most widely used is the hand- 
operated wobble prnnp, although it is rapidly 
being superseded in Navy airplanes by an elec- 
trically driven pump of the same type as the main 
engine-driven fuel pump. 

PRINCIPLE OF WOBBLE PUMP 

Why the name ‘‘wobble’’ was applied to the 
hand pump is hard to say, but like a great many 
other of our most expressive words, it was prob- 
ably referred to in that way by some “wag” and 
the name stuck. In any event, it is operated by 
swinging the handle back and forth through 
suitable levers from the pilot’s compartment. 

Back further than most of you can remember, 
hand pumps were used on some automobiles. Be- 
fore starting the engine it was necessary to work 
the hand pump on the dash until the necessary 
pressure was built up in the gas tank. As cars 
were usually hand-cranked at that time, you can 
imagine the state of mind of the driver, when, 
having cranked until his temper reached the sat- 
uration point, he climbed dizzily into the seat 
only to fold that he* had forgotten to “pump her 
up”. And as for use in an emergency, well, the 
pressure pumps employed at the time weren’t too 
reliable, and the air had a habit of “sneaking” out 
when the pressure was needed most badly. Con- 
sequently, it wasn’t unusual for a driver to have 
to start in at the bottom of a long hill, and work 
the hand pump all the way to the top, in order to 
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keep the pressure up in the tank. And so, you see, 
the use of the hand pump on airplane engines is 
nothing new. And not new either is the necessity 
for the pilot to pump like a “sonovagun^^ when 
the pressure in the system starts to go down in 
^ght. 

The principle of the wobble pump may be 
understood by referring to figure 26, which shows 
the pump unit with the front cover removed. 
The handle is attached to the central shaft, which 



tN 


Figure 26. — Showing operation of wobble pump* 

is usually made of bronze. The two vanes are 
usually cast in one piece with the shaft. The 
shaft has two slots through it, these slots being 
at an angle to each other, so as to connect spaces 
on opposite sides of the vanes. 

Two fiapper valves are provided at the bottom, 
the left-hand valve being shown in the open posi- 
tion, and the right-hand valve closed, which are 
the positions that the two valves will occupy when 
the handle is moving in the direction indicated 
by the curved arrow. Two similar fiapper valves 
are provided at the top, the right-hand one being 
closed, and the left-hand one open. 
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The fuel enters the pump at the bottom. As 
the handle is moved downward, as indicated, the 
right-hand vane rotates downward and the left- 
hand vane moves upward. The fuel in the space 
between the right-hand vane and the right-hand 
flapper valve is forced through the slot in the 
central shaft, and passes out through the upper 
left-hand valve, the path of the fuel being indi- 
cated by the curved arrows inside the pump in 
the illustration. At the same time, since the vol- 
ume of the space between the lower left-hand 
flapper valve and the left-hand vane is being 
increased as the vane moves upward, a suction is 
created, causing fuel to flow past the flapper JFalve. 
When the handle reaches the end of its stroke, the 
space is fllled with fuel, which, when the motion - 
of the handle is reversed, is forced through the 
other slot in the shaft (indicated by dotted lines) 
and the fuel then moves upward past the upper 
right-hand flapper valve, and through the pump 
outlet into the discharge line leading to the 
carburetor. 

The wobble pump is not used by itself in late- 
model airplanes, but forms a single unit — referred 
to as the A. E. L. unit — ^with the strainer, relief 
valve, and bypass valve. The pump unit is placed 
in series with the main engine-driven fuel pump, 
and the fuel passes through the bypass after the 
main pump ‘‘takes over^’ and the hand pump 
stops. The strainer used in this combination is 
of the same general design as the single unit that 
was shown in figure 13. The strainer may be 
mounted either in a vertical or a horizontal 
position, both constructions being employed in 
practice. 

You will see a front sectional view of a common 
type of wobble pump in figure 27, and a side 
sectional view in figure 28. Other types of pumps 
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differ in minor details of design, but they all 
follow the same general construction. The unit 
consists of a hand-operated fuel pump, a com- 
bined bypass and relief valve, and a fuel strainer, 
all mounted in a common aluminum housing. 

The working parts of the pump portion of the 
unit are the inlet and outlet valve assemblies, 
consisting of cast-bronze cages and cast alumi- 



num-alloy valves, and the rotor assembly, con- 
sisting of a cast-bronze rotor mounted on a steel 
shaft. The operation of these parts is explained 
in previous paragraphs. The shaft is notched at 
the end to match the handle, so that the handle 
may be swung around relative to the shaft to 
bring it into any desired position. The rotor 
assembly is reversible, so that the handle may be 
placed on the cover side — which is the standard 
position — or on the rear side, as required. The 
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fuel enters the pump from the strainer, at the 
bottom of the pump, and the outlet is at the top, 
with either 1 inch or % inch N. P. T. connections 
being used. 



The pump cover is attached to the housing by 
means of capscrews. 

BYPASS-AND-RELIEF VALVE 

The bypass-and-relief valve, as you will see in 
figure 27, is located opposite the outlet connection. 
A passage extends from the rear of the valve to the 
pump inlet. This passage also acts as a bypass, 
so that fuel may be drawn through the strainer 
and bypass valve to the engine-driven pump when 
the engine is rimning. The bypass valve is located 
in the face of the relief valve, and is kept closed 
by the pressure of the hand pump when the handle 
is operated. 
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You see a separate view of the adjustable type 
valve in figure 29. The relief-valve and bypass 
valve assembly is the same as described for the 
non-adjustable type. The adjustable feature is 
provided by the adjusting screw that screws into 
the relief -valve cap and supports the spring. 


BELLOW S^ / 


CAP GASKET 


VALVE « 



/VENT PLUG 


LOCKNUT 

RELIEF- VALVE CAP 
VALVE SPRING 


Figure 30.~— Balanced-type relief valve. 


The adjustment unit is keyed to the valve-stem 
guide by means of a clevis pin. The guide extends 
through the valve cap, and is slotted at the end 
for a screw-driver. The guide is turned to vary 
the adjustment. The adjustment range runs from 
4 psi to 12 psi. The adjustment is locked by a self- 
locking nut. The cap is sealed by a neoprene 
ring. 

The third type of relief valve — the balanced 
VALVE — is shown in figure 30. It consists of a pop- 
pet valve that is mounted on a bellows, the other 
end of which is attached to the cap. An adjusting 
screw extends from the center of the cap, and also 
acts as the valve-stem guide. It is locked by a 
locking nut. A supercharger air-line connection 
is provided in the adjusting screw. Always place 
a vented plug in the valve cap in case the super- 
charger connection is not required. 
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WOBBLE-PUMP OPERATION 

The fuel enters the pump housing at the inlet to 
the strainer unit, passes through the strainer to 
the pump unit, goes through the pump valves, as 
previously explained, and thence out by way of 
the outlet opening. The passage of the fuel is 
indicated by the dotted lines with arrowheads in 
figure 27. This is the normal operation of the 
pump unit when the handle is being operated. 

When pressure in the pmnp increases to a point 
beyond that for which the relief valve is set, the 
valve is opened against the pressure of the closing 
spring, and the fuel passes through the channel 
in the housing and goes back to the pump inlet. 
This path is indicated by black lines with double 
arrowheads. 

When the wobble pump is not operating, fuel 
goes from the strainer housing up through the 
cored channel, through the opened bypass valve, 
and out of the fuel outlet of the pump housing. 
This passage is indicated in black lines with single 
arrowheads. 

INSPECTION AND MAINTENANCE 

Make a periodical inspection of the wobble- 
pump unit, as follows — 

Drain the fuel strainer daily and then safety 
the drain cock by wire. 

Check the operation of the wobble pump and 
the fuel-pressure gage by turning the fuel valve 
to the ON position, and operating the wobble- 
pump handle until normal operating pressure 
is obtained. 

After every 25 hours of service, inspect the 
vent opening in the relief-valve cover plug, by 
inserting a No. 70 drill into the vent opening. 
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Also inspect for leaks around the pump shaft 
and if any are found, tighten the packing nut 
slightly. 

At the end of each so hours of service, re- 
move the strainer screen and wash it with clean 
gasoline. 

DISASSEMBLING WOBBLE PUMP 

To remove the parts of the hand pump, first 
loosen and remove the cover screw, and lift out 
the cover, coverplate, and rotor assembly as a 
unit. Then remove the valve cages. After re- 
moving the handle you can make a complete dis- 
assembly of the unit. 

To remove the strainer screen, loosen the wing 
nut on the clamping bolt, and slip the nut off 
the end of the strap. Then remove the cover, and 
pull out the screen. 

To remove the non-adjustable relief valve, un- 
screw the valve cap and take out all the parts. 
They will come out readily with the cap off. 

To remove the adjustable relief valve, first take 
off the self-locking nut and loosen the seal re- 
tainer. Then remove the cap assembly and 
unscrew the valve-stem guide by turning the ad- 
justing screw. Other parts will then come out 
easily. 

Remove the balanced-type relief valve by loos- 
ening the locknut and taking out the adjusting 
screw and spring. The valve assembly can then 
be pulled out. 

INSPECTION AFTER DISASSEMBLY 

Inspect the hand-pump shaft and rotor for 
signs of excessive wear. Also inspect the front 
bearing plate for excessive wear. Make a visual 
inspection of th§ valve seats, and remove any dirt 
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or foreign particles that you find on them. In- 
spect the leather packing strips in the valve cages 
for wear. Replace the strips if the leather has 
deep scratches in it, or if it is tom or sloughed 
off. The leather should be soft and pliable, and 
not hard and dry. Inspect the cover gaskets for 
breaks. 

Inspect the strainer screen for breaks or tears, 
and inspect the strainer cover gasket for resili- 
ency, and also for breaks or permanent set. 

inspect the pump housing for dirt and foreign 
particles, and for deep scratches or signs of ex- 
cessive wear on bearing plate and liner. Inspect 
the strainer housing for dirt. Inspect the relief- 
valve seat for excessive wear, or for defective or 
battered seat. 

Inspect the non-adjustable relief valve for an 
excessive seating ring. Also inspect the bypass 
valve for seating ring, and free movement of the 
valve in the guide. Examine the valve spring and 
valve-stem guide for signs of excessive wear. 

Inspect the adjustable relief valve to see if the 
adjusting screw moves freely, and without binding 
or tightness. Examine for dirt, etc. Inspect the 
relief -valve face for excessive seating ring; and 
the bypass valve for seating and for free move- 
ment of the valve in its guide. Finally examine 
the spring and the valve-stem guide for signs of 
excessive wear. 

Inspect the bellows of the balanced-type relief 
valve for leaks and corrosion. Inspect the face 
orf the valve for excessive wear, and the spring 
and adjusting screw for wear. 

REPAIRING WOBBLE PUMP 

Since the wobble, or hand, pump receives only 
intermittent use, you will probably not often be 
called upon to repair it. Replacement of worn- 
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out gaskets and packing is, as a rule, about all 
that is required. If there is a small break in the 
strainer screen, repair it with soft solder. The 
slight loss of effective screen will not affect its 
efficiency. If you find that a new rotor assembly 
is required, return the entire unit to the nearest 
place that has the facilities for doing a factory 
job, as the rotor must be carefully fitted to the 
pump housing. 

A pump imit may receive a severe bump, which 
will cause distortion of the housing and a con- 
sequent tight spot in the pump operation. You 
should return the unit to the manufacturer, if 
possible, to have this trouble corrected. Of course, 
there is always the likelihood of a bump of this 
kind being received when the airplane is thou- 
sands of miles from ‘‘home” and there is no re- 
placement pump available. When this happens, 
try the following emergency repairs. 

Tap lightly on the outside of the housing with 
a wooden block at a point about 90 degrees from 
the tight place. The procedure may not work, 
because most of the pump housing proper is in- 
accessible from the outside. Try hand scraping 
the liner, but avoid gouging or scarring the liner. 

In fitting a new rotor assembly, give the rotor a 
.001-inch clearance from the liner. Place the 
rotor assembly in the pump housing, and check for 
tight spots. Install the cover on the housing with 
the cover plate and gasket in place. Tighten the 
screws, and turn the rotor to see if there are any 
tight spots. If so, relieve them by scraping the 
liner or the rotor, or both, just enough to relieve 
the tightness, taking care not to gouge or scar 
the liner or rotor. Replace all the pump parts, 
and check the operation again. 

Dress the relief-valve seat carefully to provide 
a better seat. If necessary, turn down the valve- 
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face to remove a seating ring, using great care to 
keep the valve face concentric and true with the 
valve stem. 

Finally wash all parts with clean gasoline, and 
blow out the pump parts before reassembling 
them. 

REASSEMBLING THE WOBBLE PUMP 

Before trying to place the parts in the pump 
housing, hold the rotor and valve assemblies to- 
gether in the position that they will assume in the 
pump. The vanes of the rotor are not exactly op- 
posite, or 180 degrees apart. Slip the low corners 
into the pump housing together, so as to prevent 
the edges of the rotor from cutting or scarring 
the leather sealing strips. 

Put a few drops of light engine oil in the pump 
to provide a film over the rotor shaft and other 
parts. Replace the front-bearing plate with the 
marked side down. Replace the cover screws, but 
do not tighten the screws until the rotor operates 
freely. Replace the pump cover and gaskets. 
Short pins — ^known as dowel pins — are provided 
in the housing to insure correct alinement of the 
cover. However, some slight adjustment may be 
required in order that the rotor will turn freely, 
and you may find it necessary to tap the cover 
sideways slightly with a wooden block to improve 
the alinement. Only when the rotor is free to 
move, turn the cover screws up tight. New 
graphited Palmetto packing may be required 
around the pump , shaft to keep the shaft tight. 
After . repacking, tighten the packing nut just 
enough to prevent leakage around the shaft dur- 
ing a pump test (See Testing) and then lock the 
nut in place by wiring it to a cover screw. 

Replace the strainer screen with the pointed end 
of the inside screen being entered first. Place the 
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gasket on the cover, replace the cover, and clamp 
it by its strap. Then tighten the wing nut against 
the strap just enough to prevent leakage (See 
Testing). Lock the wing nut with wire, and then 
close the drain cock and wire it in place. 

If the relief valve is of the non-adjustable type, 
replace the valve assembly, the spring, and the 
cap with its gasket, and then lock the cap with 
wire. 

If the relief valve is of the adjustable type, re- 
place the adjustment assembly in the cap, and 
back the screw off to the low-pressure position. 
Replace the shaft and its retainer and then place 
the valve assembly and the spring in the pump 
housing. Make sure that the gasket is in place on 
the cap and then screw the cap assembly into the 
pump housing. Finally, replace the washer and 
self-locking nut, and wire the cap and the seal 
retainer in place, after testing the tightness of the 
assembly. 

To reassemble a balanced-type relief valve, re- 
place the bellows, valve-and-cap assembly, spring- 
adjusting screw and locknut, in the order given, 
and then wire the cap in place. Be sure to put 
the gasket on the cap before installing the cap. 

TESTING ASSEMBLED WOBBLE PUMP 

To test the joints, casting, etc., for leakage ap- 
ply an air pressure of 20 psi at one pump inlet 
after plugging up all other openings. Submerge 
the imit in warm water. No leakage should oc- 
cur. If there is any, bubbles issuing from the 
point of leakage will indicate its location. 

Check the capacity of the pump. First, operate 
the handle at 120 single strokes per minute 
through the full swing (100 degrees), keeping the 
rate of stroking of the handle even and imiform, 
with no suction head or discharge pressure. The 
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pump capacity should be 450 gallons per hour. 

Next block the relief valve shut and place the 
pump under 5 psi discharge pressure and a suc- 
tion head of 5 inches of mercury. Again operate 
the pump handle at 120 single strokes per minute. 
The capacity should be 375 gallons per minute. 

A slight condition of scoring of the rotor, liner, 
or bearing plates probably will not affect the 
capacity of the unit. 

FUEL-SYSTEM MAINTENANCE 

You should now have a pretty clear picture in 
your mind of the entire fuel system, and be in a 
position to be able to follow to the best advantage 
the following maintenance instructions. Checking 
should be done periodically, or each time the air- 
plane is brought in for an engine check. 

Check the condition of the fuel tanks. Look 
for cracks, buckling, dents, or distortion, and 
for signs of leaks. Check the tank mounting 
support. There should be no slack in straps, 
or evidence of strain or play that will be aggra- 
vated by engine vibration. 

Note the condition of the padding. 

Check the fuel lines. Look for leaks, and in- 
spect sharp bends for cracks. See that clips 
and other moimtings are secure. Examine the 
tubing for wear resulting from vibration. 

Remove the fuel strainers and drain out the 
water. If you find any accumulation of water, 
rust, dirt, small metal or rubber particles, or an 
undue amoimt of sediment, report it at once to 
your superior officer. After replacing the 
strainers and water trap, turn on the fuel pump, 
and build up a pressure in the tanks with the 
auxiliary pump, being careful not to exceed 
the pressure specified for the system. 
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Check the condition of the strainer screen. 
Renew it if you think it necessary. 

Check fuel gages. If they are of the hydro- 
static type, operate the gages by releasing the 
operating plunger on the instrument board and 
noticing its functioning. If the gages are of 
the float type, note whether the hands move 
smoothly without sticking when filling the tanks, 
and whether the quantities indicated agree 
closely with those known to be in the tank. 

Check the fuel-control cocks for free opera- 
tion, backlash, and accuracy of pointer indi- 
cation. If excessive backlash is noted check the 
operating linkage for worn universal joints, 
loose pins, broken drive lugs, etc. 

Check the hand ju'iming pump, if used, and 
see whether it operates freely and develops the 
required pressure. Check both electrically- 
driven and engine-driven pumps for security of 
mounting and the proper adjustment of the 
relief valve. Inspect the pump periodically and 
lubricate when necessary. 

Check the engine primer or primers for 
free operation and for signs of leakage at the 
packing. 
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CHAPTER 5 


CARBURETION 
PRINCIPLE OF CARBURETION 

Modem airplane-engine carburetors are de- 
signed to be efficient, reliable, light and compact, 
and as a result, they appear to be complicated 
devices with many intricate and ingenious me- 
chanical features. While it is true that these 
carburetors do present a rather formidable ap- 
pearance, yet when they are laid out in the open 
and each functioning part is viewed separately, 
carburetors should hold no secrets that you cannot 
readily understand. 

The subject of carburetion was touched upon 
at the beginning of this book, but just super- 
ficially, and only to the extent necessary to show 
you its relation to the fuel system in general. At 
this point it will be treated more completely, 
because it is impossible to overemphasize the 
importance of imderstanding the theory of car- 
buretion and not merely the mechanical func- 
tioning of two or three types of carburetors. 
Only by a thorough knowledge of the underlying 
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principles is it possible for you to understand the 
purpose of each division or system of the carbu- 
retor, and to know why it is needed, and the effect 
that it has on the operation of the engine. 

When a hydrocarbon — a chemical compound 
consisting of only hydrogen and carbon — ^is used 
as fuel in intemal-combiistion engines, it must 
be combined in certain proportions with oxygen 
to insure sufficient burning. The hydrocarbon 
receives the oxygen from air — ^which is composed 
of approximately parts of nitrogen and one 
part of oxygen. This process of mixing fuel and 
air is called carbtjretion, and the device used to 
accomplish the mixture is called a carburetor. 

The purpose of carburetion is to obtain a com- 
bustible mixture. Combustion is merely the chem- 
ical combination of fuel with oxygen accompanied 
by the liberation of heat, or, “cutting out the 
language^’, it means something is burning. In 
an airplane engine, the duration of combustion 
of the fuel charge should not exceed one-sixth of 
a revolution of the engine, which would be %i<> 
second if the engine is making 2,100 revolutions 
per minute. Not exactly time enough for lunch, 
or even for a couple of drags on a cigarette but, 
nevertheless, the entire combustion of the charge 
is accomplished in this time. To make this pos- 
sible, the fuel must be broken up into such small 
particles that it practically vaporizes in the air 
surrounding it. 

You have heard of dust explosions. These are 
not uncommon in coal mines, in grain elevators 
or storage bins, and in other places in industry 
where large amounts of dust are centered. It 
might be difficult to ignite this dust if it were 
concentrated in one solid object, such as a lump 
of coal. Coal will burn — ^but try to light a piece 
with a match. Certainly, by the wildest stretch 
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of the imagination, you would never think of coal 
as an explosive material. But when coal is pow- 
dered into dust, it can be highly explosive, and 
many serious mine accidents have occurred be- 
cause of this fact. 

Gasoline, on the other hand, is thought of as 
an explosive liquid, yet, as mentioned previously, 
it can be burned in a lamp or even in an open pan 
without exploding. When the gasoline is finely 
divided, as in a spray, or what might humorously 
be called “gasoline dust^^ it will burn so rapidly 
that it may be considered as exploding. The 
reason? Well, when gasoline is broken up into 
thousands of tiny droplets, much of its surface is 
in contact with the air. Now, the gas known as 
oxygen which forms a part of this air is not com- 
bustible — ^that is, it won’t bum by itself — ^but 
nothing else can burn without it. It is the pur- 
pose of the. carburetor then to turn the liquid 
gasoline into the smallest possible particles, which 
may be referred to as gasoline “dust” or vapor, 
so as to expose as much as possible of the fuel to 
the oxygen of the air. 

Volatility, in single-barrel language, is the ease 
with which a liquid evaporates. The higher the 
volatility, the lower the temperature at which 
the liquid will boil. Accordingly, high volatility 
is desirable for easy starting, proper mixing of the 
fuel and air, less dilution of the lubricating oil, 
and usually better anti-knock rating. On the 
other hand, if the boiling point is too low, the 
gasoline will evaporate or boil in the fuel lines, 
producing what is known as vapor-lock. As you 
are going to run across this term quite often in 
your work, let’s pause a minute and see what it 
means. 

When the liquid gasoline in the fuel lines is, for 
any reason, exposed to heat above the boiling point 
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of the fuel, the gasoline vaporizes. The presence 
of vapor in any part of the line designed to 
handle liquid only, may block or exclude the flow 
of the liquid, resulting in a partial or entire 
starving of the engine for fuel. Because of the 
fact that the boiling point lowers as the altitude 
increases, the danger of vapor-lock increases with 
altitude. This tendency has been overcome 
largely by the use of pressure-control systems and 
booster pumps in modem war airplanes to main- 
tain a uniform pressure in the fuel tanks, and 
reduce the vapor-liquid ratio of the fuel in the 
lines, as already described. 

Carburetor icing is another condition that is 
closely related to volatility. Now icing is all right 
in its proper place — it “sho^ do look noble on the 
outside of a chococlate cake — ^but it has no busi- 
ness on a carburetor. It is caused by the lowering 
of the temperature in the mixing passages of the 
carburetor as a result of vaporizing the fuel. 
When the fuel changes from the liquid to the 
vapor state, it actually draws heat from its sur- 
roundings. The more volatile the fuel, the more 
rapid will be the heat extraction from surroimding 
bodies and the air at the point where the vapor- 
ization takes place. The amount of heat extracted 
when fuel is changed from a liquid to a vapor 
state may lower the temperature of incoming air 
to a poiut where moisture in the air will condense 
and freeze on carburetor mixing passages. 

As far as the tendency of the carburetor to ice 
can be controlled by fuel specification, fuels must 
be selected that will abstract the smallest amoimt 
of heat from their surroundings when they change 
to the vapor state, and still be satisfactorily vol- 
atile. The addition of sufficient heat to the in- 
coming carburetor air or a design of carburetor 
mixing passages that will not permit ice to form, 
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is a more satisfactory way of preventing icing, 
however, than by changing the fuel specification. 

WHY USE GASOLINE? 

There are a number of fuels that can be used 
wiih more or less success in internal-combustion 
engines. Some that might be mentioned in ad- 
dition to gasoline are benzol — a coal, or coal-tar 
product — alcohol, crude oil, and kerosene, to say 
nothing of the gaseous fuel carried in “blimps,” 
on the top of many European cars, and the gas 
from charcoal and wood burners employed so 
ingeniously in many foreign countries. Necessity 
is the time-worn mother of invention and if the 
gas situation in this country gets much worse, 
good old Yankee ingenuity will bob to the surface 
by producing some kind of substitute fuel for 
automobiles and airplanes. But as the situation 
now stands, gasoline — ^when you can get it — ^is the 
best fuel for high-speed engines, and is the only 
one used in Navy planes in this country at the 
present time. 


WHY IS GASOLINE BEHER? 

Well, in the first place it is cheaper than some 
of the other fuels mentioned. That, of course, 
wouldn’t cut much ice as far as war planes are 
concerned. They must have the best fuel regard- 
less of cost. But there are more important rea- 
sons. Gasoline has a better rate of burning than 
other liquid fuels, that is, the flame spreads 
through the fuel charge to better advantage, and 
it has a higher heat value per pound. Gfiisoline 
is made by the distillation of crude petroleum. 
The vapors are led into different condensing pipes. 

In this manner light, high-volatile gasoline is led 
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into one tank ; medium- weight, average- volatile 
gasoline is led into another; and the heavy, low- 
volatile gasoline is led to a third tank. By blend- 
ing these various types, almost any fuel require- 
ment may be met. 

IS ALL GASOLINE SUITABLE? 

By no means. In testing gasoline for use in 
airplane engines. Naval Aviation checks it from 
four different angles. These are volatility, pu- 
rity, antiknock rating, and heating value. The 
volatility determines the ease of starting and the 
distribution to the engine cylinders. Purity, 
naturally, means the freedom from any substance 
that may be harmful to the engine. Antiknock- 
rating indicates the maximum pressure and tem- 
perature that can be used in the engine without 
knocking. And the heating value refers to the 
heat liberated by the burning of a unit weight of 
the fuel. 

Airplane fuel must be free of any ‘‘foreign en- 
tanglements’’ such as water, dirt, acid, or alkali. 
It must be non-corrosive, low in sulphur content, 
and free from gum. Sulphur has a corrosive ac- 
tion on the parts of the fuel system and engine, 
especially those parts made of copper or brass. 
Gum has a tendency to deposit in the fuel system 
and on valve guides. An excessive amount of gum 
will cause such troubles as sticking valves and 
plugging or restricting the fuel passages. In other 
words, it will “gum up the works” in general. 
Gum is caused by a process of slow oxidation, and 
it is the general practice for oil refiners to put 
some agent into gasoline to prevent the formation 
of gmn while the fuel is in storage. Water should 
be removed from the gasoline by straining it 
through a chamois or very fine screen filter. 
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WHAT 1$ OCTANE RATING? 


Most gasolines, if used alone, will produce a 
sharp metallic knock when the engine throttle is 
opened up. Knocking never does much good, un- 
der any circumstances, and particularly so in an 
engine, where it is not only harmful but is waste- 
ful of power and fuel. The knock is easily — ^too 
easily — ^heard in automobile engines, and if other 
sounds could be filtered out, it would be just as 
audible in the airplane engine. But it is gen- 
erally necessary to depend upon instruments 
rather than the ear to detect such knocks, or det- 
onations, as they are usually called, in an airplane 
engine. Fuel knocks, or detonations, are accom- 
panied by a rise in temperature of the cylinder 
heads, and this is an indication that can be 
measured. 

In order to distinguish different ^ades of avia- 
tion gasolines, they are given what is known as an 
OCTANE RATING. This rating refers to the anti- 
knock properties of the fuel, and it takes its name 
from the method used in testing the knocking char- 
acteristics of various fuels. It would only be con- 
fusing to describe here the laboratory process by 
which such characteristics are determined. It is 
considered sufficient for the purpose to say that 
iso-octane — which is a fuel having exceptionally 
high antiknock characteristics — ^and another fuel 
called heptane — ^which is a bad ‘‘knocker’’ as com- 
pared to gasoline — are mixed together in different 
percentages imtil the antiknock value of the mix- 
ture when burned in a test engine, equals that of 
the fuel to be rated. The percentage of iso-octane 
in the test mixture when the knock corresponds to 
that of the gasoline is taken as the octane number 
of the gasoline. From this you may readily see 
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that the higher the octane rating of the gasoline, 
the better the antiknock qualities. 

It is a difficult matter to refine gasoline suf- 
ficiently for it to have a satisfactory antiknock 
rating for the modem engine. Accordingly, the 
antilmock rating is improved by the addition 
of some other liquid, tetraethyl lead being the 
compound generally employed for this purpose. 
The few difficulties encountered as a result of cor- 
rosion tendencies of ethylized gasoline are insig- 
nificant compared with the results obtained from 
the high antiknock value of the fuel. Even most 
of these tendencies have now been removed by 
special treatment of the fuel. 

The antiknock compound used in gasoline is 
composed of tetraethyl lead, ethylene dibromide, 
halowax oil, and red analine dye, the function of 
each ingredient being as follows — 

Tetraethyl Lead is the ingredient that elim- 
inates the knock. It dissolves in gasoline in all 
proportions, vaporizes easily and completely, and 
is colorless. 

Ethelene Dibromide is a colorless compound 
which prevents corrosion of spark-plug electrodes, 
valve seats, and valve stems. 

Halowax Oil is an extremely efficient lubricant 
that keeps the exhaust-valve stems from becoming 
dry. This in turn prevents the sticking and burn- 
ing of the valves. 

Red Analine Dye is used in very small quan- 
tities for the purpose of identifying ethyl gasoline, 
and to prevent its use for any other purpose than 
as an engine fuel. The dye has no effect whatever 
on the performance of the gasoline mixture. 

Naval Aviation does not permit the addition of 
more than 4.6 milliliters of tetraethyl lead to a 
gallon of gasoline, as any amount in excess of this 
has very little effect on the antiknock value, but 
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does increase greatly the danger of corrosion and 
spark-plug trouble. 

Ethylized gasoline is intended solely as an en- 
gine fuel, and should never be used for the various 
other purposes for which ordinary gasoline is used. 
You will do well to keep the following ‘^do nots’’ 
in mind when handling gasoline treated with lead. 

Do not use ethyl gasoline for cleaning tools, 
machinery, clothing, or hands. 

Do not spill ethyl gasoline on the floor of the 
hangar or on the airplane. 

Do not place anything in your mouth after 
handling ethyl gasoline or parts of the exhaust 
or fuel system of an engine using it, without 
first washing your hands thoroughly. 

If ethyl fuel is spilled on your clothes, remove 
them as soon as possible, and if it touches your 
skin, wash any such parts of your body with 
soap and water. 

By taking advantage of present fuels of very 
high antiknock characteristics, it has been possi- 
ble for engine designers to use much higher com- 
pression ratios, thus utilizing more of the power 
available in a gallon of gasoline, and increasing 
the power output per pound of weight of the 
engine. 

There is a frequent and erroneous belief that 
more power can be obtained by using a higher- 
octane fuel than that for which the engine was 
designed. If an engine is free from knocking 
when using a 90-octane fuel, there is nothing to 
be gained by using 100-octane fuel, unless me- 
chanical changes are made in the engine to 
increase its compression ratio. 

The fuel now used in Navy airplanes is usually 
100-octane gasoline. The octane-rating for a 
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given engine will be found in one of the following 
places — 

Manufacturer’s name plate attached to engine ; 
numbered placards on intake pipes ; fuel-tank caps 
or cover plates; or on a placard adjacent to fuel- 
control cock. 

THE WHY OF THE CARBURETOR 

The carburetor must do two important things. 
One, meter — or measure out — the incoming fuel 
and air in such a manner that the charge entering 
the cylinders is of the proper proportions under 
all conditions of operation. The other, convert 
as much of the liquid fuel into a gaseous state as 
possible. 

Metering of fuel and air is performed by five 
different systems in the carburetor, in order to 
satisfy the engine requirements under all condi- 
tions. These are the main metering system, the 

IDLING SYSTEM, THE ACCELERATING SYSTEM, THE 
POWER-ENRICHMENT SYSTEM, AND THE MIXTURE- 
CONTROL SYSTEM. 

The details of the various systems that combine 
to make up the complete carburetor vary in dif- 
ferent types of carburetors. It is therefore diffi- 
cult to present a general explanation of the 
operating principle of any one system that will 
apply to all types. In view of^ this fact, it is 
considered sufficient at this time to outline briefiy 
the reason for each system, and leave the details 
until later in connection with the description of 
the carburetors on which the various systems are 
used. 

The MAIN METERING SYSTEM consists of a so- 
called VENTURI — which will be described later — 
through which the air must flow on the way to 
the engine, and some means of controlling the 
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amount of air. This arrangement gives an in- 
crease in velocity and a decrease in pressure of 
the air. These conditions are necessary for the 
operation of the carburetor. 

The system also consists of a fuel-metering — 
or measuring — jet, which is usually merely a 
restricted opening in the channel through which 
the fuel flows into the carburetor. The size of 
this jet varies according to the fuel required by 
the engine. 

Another important member of the main meter- 
ing system is some form of nozzle that discharges 
the fuel into the air stream passing through the 
carburetor. The functioning of both the meter- 
ing jet and the discharge nozzle is influenced by 
the density of the incoming charge, and the 
amoimt of opening in the passage leading to the 
engine. This passage is controlled by means of a 
variable opening device, known as a throttle. 

The fuel passing through a discharge nozzle of 
metered capacity will have a natural tendency 
toward becoming richer — ^that is, increasing the 
proportion of fuel in the mixture — as the altitude 
increases. This enrichment is the result of the 
fact that the atmosphere gradually decreases in 
density at the higher altitudes. At 20,000 feet, 
for instance, the air is only about half as dense 
as at sea level. The volume and velocity of the 
air passing through the carburetor would be prac- 
tically the same as at sea level, and therefore the 
amount of fuel picked up in the air would be 
about the same. However, since the air is ‘‘thin- 
ner’’ or not so dense, the air-fuel ratio would be 
altered by an increase in the fuel proportion. 
This characteristic is shared by all carburetors, 
and some means must be provided to overcome, or 
compensate for, this tendency toward richness at 
higher altitudes. The means usually employed — 
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as will be explained further on — ^is a mixture con- 
trol, which automatically maintains the proper 
fuel-air ratio regardless of altitude or other vary- 
ing conditions. 

The intake manifold plays an important part 
in the carburetion system, because of its effect on 
the DISTRIBUTION of the mixture charge to the dif- 
ferent cylinders of the engine. The distribution 
is influenced by the design of the intake mani- 
fold, because the manifold affects the velocity of 
the mixture in passing through it; by the heat 
applied to the mixture in passing through the 
supercharger and the manifold; and also by the 
relative size of the manifold branches. 

That part of the carburetion system which con- 
nects the carburetor to the engine cylinders, and 
conveys the fuel mixture from the carburetor to 
the cylinders^ has been referred to as the intake 
manifold. This term is ok with respect to auto- 
mobile and in-line airplane engines, but is not 
appropriate as applied to modern air-cooled radial 
airplane engines. On the latter-type engines, 
there is normally no intake manifold, but the fuel- 
air mixture, after leaving the carburetor, passes 
through the supercharger, diffusion chamber, and 
distribution chamber, respectively, and then to 
the individual cylinders through separate intake 
pipes, which are of equal length and form. 

AND NOW THE IDLING MIXTURE 

The fuel-air ratio of the mixture must be 
greater for low speeds than for speeds in the 
higher ranges, except when full engine power is 
required. At low speeds, the main fuel jet may 
deliver little or no fuel, because the throttle valve 
is nearly closed, and there is little air drawn past 
the main jet. An idling passage is usually pro- 
vided to carry the fuel up to a port at the upper 
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edge of the throttle valve, when' the valve is in its 
idling or low-speed position, as you will see in the 
diagram, figure 31. The idling system is thus 
practically independent of the main metering- jet 
fuel at low speeds only. As the throttle valve 
opens, the suction on the idling port decreases and 
that on the main jet increases, so that a point is 



reached at which the main jet takes over entirely 
and no fuel comes from the idling port. 

THE ACCELERATING SYSTEM 

In the horse-and-buggy days — ask your Dad — 
the usual method of speeding up the family 
chariot was to give a quick shove on the reins — 
lines, they called ^em — accompanied by a sharp, 
persuasive clicking of the tongue. The modern 
method — omitting the tongue clicking — does not 
vary greatly from the time-honored one, the only 
difference being that you now shove on the throttle 
instead of the lines. 
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The old mare did not always respond to the line 
shoving. Earlier cars usually showed a similar 
contrariness, for instead of the car leaping for- 
ward as anticipated, a sudden pressing of the 
throttle pedal resulted in a “flat spot,’’ and the 
engine actually slowed down instead of speeding 
up. The reason for this condition is that when 
the throttle is opened suddenly, some time is re- 
quired for the fuel stream to huild up so that 
there will be the same ratio of fuel to air in the 
mixture going to the cylinders as is supplied by 
the carburetor. 

A sudden opening of the throttle valve results in 
a decrease in the suction at the idling jet. This 
causes a delay between the time that the idling jet 
stops functioning, and that at which the main jet 
takes over, because there isn’t sufficient air flow- 
ing through the carburetor at this time to cause 
the main metering jet to start functioning. 

When no provision is made to coimteract this 
lag in the fuel stream — ^as was the case with the 
earlier-model carburetors — ^there will be a tempo- 
rary condition of “leanness” at the cylinder im- 
mediately following a sudden opening of the 
throttle valve. 

Modern carburetors are equipped with a so- 
called accelerating system, which delivers an over- 
supply of fuel during the accelerating period. 
During a slow opening of the throttle, the accel- 
erating system is inoperative, because the fuel 
pressure built up during such a motion is in- 
sufficient to produce the extra fuel required for 
acceleration. Otherwise, the presence of the ac- 
celerating system would result in an overrich mix- 
ture every time that the throttle is opened. 

Three general types of accelerating systems 
have been in use in airplanes. In one case a well 
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is employed, which supplies surplus fuel to the 
main nozzle when the throttle is opened quickly. 

In another method, which is the one in broad 
use in Navy airplanes, an accelerating pump is 
operated by the throttle lever. By means of this 
device, fuel is pumped directly to the main- 
discharge nozzle or to a special accelerating nozzle. 

The third type utilizes the pressure of a dia- 
phragm to force additional* fuel into the air 
stream. 

ACCELERATOR PUMP 

The operation of an accelerator pump is shown 
in the diagrams, figure 32. The pump is shown 
as located in the float chamber, but in the actual 
carburetor it fits into a separate chamber that is 
in communication with the float chamber, and 
also with a passage to a spray nozzle that extends 
into the venturi tube. 

By referring to figure 32, you will observe that 
the pump consists of an inverted sleeve, or cyl- 
inder, resembling a diving bell which has a stem 
at the upper end operated by the throttle lever. 
Within the sleeve is a piston that is free to slide 
on a hollow stem screwed into the main bodv 
casting. The upper end of this stem is shaped 
like a small poppet valve, and several holes in the 
wide face of the valve lead into the central hole. 
The piston forms the valve seat, the piston being 
held against the valve by a spring. The center 
hole of the stem connects with a passage leading 
to the main-discharge nozzle, or to a separate dis- 
charge nozzle located just below the edge of the 
throttle valve. 

When the throttle is closed, the accelerator cyl- 
inder is in its top position, as shown in view (A), 
and the space within it is filled with fuel. When 
the throttle is opened rapidly, the cylinder moves 
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down quickly, and the pressure of the fuel above 
the piston forces the piston down and away from 
the poppet-valve top of the stem, thus uncovering 
the holes in the valve. The downward moving 
cylinder forces the fuel out of the discharge noz- 
zle, as shown in view (B). The spring then moves 
the piston up and forces the fuel trapped between 




Figure 32. — Principle of accelerator pump. 

the piston and the valve head out through the dis- 
charge nozzle. Thus, the fuel discharge continues 
even after the throttle has reached the wide-open 
position. If the throttle remains open, the fuel 
flow through the accelerating system will stop as 
soon as the piston reaches the valve. 
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As the throttle is again partly or entirely closed, 
fuel is drawn into the pump cylinder through the 
clearance space between the piston and the cyl- 
inder. This arrangement provides automatic 
regulation of the fuel charge, depending upon the 
speed of throttle opening. If the throttle is 
opened slowly, the fuel passes through the clear- 
ance space and back to the float chamber, without 
giving the engine an accelerating charge. You 
probably, at some time or another, have used a 
tire pump in which the plunger was no longer a 
good fit. When you pushed the handle down 
slowly, you would feel no resistance to its move- 
ment, but if you shoved it down quickly a definite 
air cushion could be felt under the plunger. This 
illustrates the action of the accelerator cylinder. 

For use on engines that require a large accel- 
erating charge for cold-weather operation only, a 
restriction may be used to reduce the charge of 
fuel during warm-weather operation. This ar- 
rangement makes it possible to obtain smooth and 
positive acceleration under all conditions of opera- 
tion, without changing the metering characteristics 
of the engine. 

Other types of accelerator pumps have the cyl- 
inder or sleeve fastened to a boss at the bottom 
of the float chamber by a special nut, which en- 
closes a small spring-loaded check valve. A piston 
fits in the sleeve and is operated by the throttle. 
When the throttle is opened, the fuel under the 
piston is forced out through the check valve to 
the discharge nozzle. During operation at any 
fixed throttle position, the check valve remains 
closed and thus prevents any fuel discharge 
through the accelerating system. 

Though the amount of the accelerating charge 
of fuel is limited when the throttle is opened sud- 
denly, you can readily see that if the throttle is 
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worked back and forth rapidly when starting an 
engine, a great quantity of excess fuel will be 
pumped through the discharge nozzle. And if 
the engine does not start immediately, the gaso- 
line will run down into the air scoop on an updraft 
carburetor. This may result in a dangerous 
if the gasoline is ignited by a backfire, or in some 
other way. In the case of a downdraft carbu- 
retor, the gasoline will run down into the induc- 
tion system, and result in damage to the cylinders. 
Or possibly it will run out on deck through the 
supercharger drain tube, thus creating a serious 
fire hazard. 

Prime the engine only with the priming system 
designed for that purpose, and do not attempt to 
prime by working the throttle lever back and 
forth. 

POWER ENRICHMENT 

The proportion orf fuel to air — or the fuel-air 
ratio — ^must increase as the engine approaches full 
power. To obtain this result, various forms of 
enriching devices — ^usually referred to as econo- 
mizers, or compensators — are employed in modem 
airplane carburetors. Applying the term econo- 
mizer to an enriching device seems somewhat 
“cock-eyed”, because it implies the opposite effect, 
but the idea behind the name is that it would not 
be possible for the engine to rmi at the leaner, or 
economical, mixture suitable for cmising or lower- 
power speeds, were not some means provided to 
give the mixture the richness required for high 
power. Or, stating it in another way to help get 
the idea across, without the economizer it would 
be necessary to operate the engine at or above the 
best-power mixture over the complete power 
range. 

When the engine is operating in the higher 
horsepower range, more heat is being liberated 
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as a result of the increased quantity of gasoline 
and air necessary for the higher output. The 
cooling system of air-cooled engines is inadequate 
for proper cooling under these conditions. The 
economizer causes additional fuel to be sent to 
the engine, thus cooling the engine and increasing 
the power . 

There are different types of economizers, or 
power compensators, used in modem carburetors 
and you will learn about them in later chapters in 
connection with the descriptions of typical car- 
buretors on which they are used. They are of 
three general types, namely, the throttle-operated 
needle-valve type, the automatically operated 



Figure 33. — Needle-valve type economizer, throttle operated. 


needle-valve type, and the manifold-pressure type. 
These types may be described briefly as follows — 
The throttle-operated needle-valve type consists 
of a pointed valve — see figure 33 — ^that controls 
an auxiliary fuel channel leading to the main- 
discharge nozzle. This valve begins to open when 
the throttle valve has opened to a predetermined 
point. As the throttle continues to open, the 
needle valve follows suit, and the fuel flowing 
through the needle valve causes a richer mixture, 
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because it increases the fuel supply to the main 
discharge nozzle. 

In the automatic needle-valve type of econo- 
mizer, or power compensator, the valve is held to 
its seat by a spring. An auxiliary venturi is 
provided in the fuel inlet of the carburetor. 
When there is a flow of fuel through the venturi, 
the pressure at the throat is less than the pressure 
at the entrance. The greater the fuel flow 
through the venturi, the greater the difference 
in pressure between the entrance of the venturi 
and the throat. This difference in pressure is 
used to operate the compensating valve. When 
the fuel flow is increased to a point where the 
pressure in the venturi equals the initial pressure 
of the spring, the needle valve starts to open. 
Further increase in the fuel flow through the 
venturi causes an increase in the lift of the valve. 
This valve supplies additional quantities of fuel 
directly from the fuel entrance to the compen- 
sator discharge nozzle. Thus, the compensator 
supplies, automatically, the added fuel required 
to give the richer mixture desired at higher power 
outputs. 

The manifold-pressure operated system depends 
directly on the manifold pressure for its opera- 
tion and not on the extent of the throttle opening. 
At any speciflc altitude the amount of manifold 
pressure depends on the throttle opening. That 
is, when the throttle opening is held constant, and 
the attitude at which the engine is operating is 
increased, the manifold pressure will decrease, 
because the air becomes less dense. Though the 
same volume of air enters the carburetor, the 
weight of the air is less, and it is on the weight 
of the air that the manifold pressure depends. 
Thus, in order to keep the manifold pressure at 
the proper value, the throttle opening must be 
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increased as the altitude increases. Since the 
manifold-pressure economizer will not open until 
a certain manifold pressure is reached, regardless 
of the throttle opening, the mixture will be correct 
throughout the entire economizer range. 

At one time, a piston-type economizer operated 
by the throttle valve was largely employed in 
airplane carburetors, but since this type is now 
obsolete, it will not be taken up here. 

MIXTURE-CONTROL SYSTEM 

As the airplane rises, it passes through atmos- 
phere that is constantly decreasing in pressure, 
temperature, and density. When the air is thin- 
ner, that is, at a lower density, a pound of air will 
occupy a greater volume than when it is at a 
higher density. Therefore, as the airplane as- 
cends, for each pound of air taken into the engine, 
a greater volume of air will have to pass through 
the carburetor. The volume of air passing 
through the carburetor mixing chamber and the 
fuel discharged from the nozzle are both propor- 
tional to the suction. 

As the airplane gains altitude, the volume of 
air passing through the carburetor continues to 
remain proportional to the suction, but the weight 
of the air passing through the carburetor de- 
creases as the density decreases. With the 
amount of fuel sucked from the carburetor dis- 
charge nozzle remaining proportional to the suc- 
tion, it follows that more pounds of fuel will flow 
from the discharge nozzle per poimd of air passing 
through the carburetor, as the air becomes less 
dense. Hence the fuel-air mixture wiU become 
richer as the airplane rises. 

In order to compensate for this tendency of the 
carburetor to give a richer mixture at higher alti- 
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tude, either a manually operated or an automatic 
mixture-control is employed. The mixture sup- 
plied hy the carburetor may be made leaner by 
reducing the effective suction on the metering 
system by restricting the flow of fuel through the 
metering system, or by admitting additional air 
into the induction system through an auxiliary 
air entrance. 

Each of the systems mentioned will be taken up 
later in connection with the carburetors on which 
they are used. 


COMBUSTIBLE MIXTURES 

You can dissolve a certain amount of salt in a 
glass of water. When the water will dissolve no 
more salt, it is said to be saturated, and any ad- 
ditional salt placed in the solution will simply sink 
to the bottom of the glass. Likewise, a given vol- 
lune of air can absorb only a certain amoimt of 
gasoline vapor. A mixture containing less than 
the full amount of fuel vapor that it can absorb 
is neither a saturated nor a perfectly proportioned 
mixture. The less fuel vapor in it, the leaner 
the mixture is said to be. A mixture containing 
more than the amount of fuel vapor that it can 
absorb is not a perfectly proportioned mixture 
either ; the more vapor that it contains, the richer 
it is said to be. 

The proper mixture of gasoline and air for com- 
bustion purposes in an internal-combustion engine 
burns, at atmospheric pressure, with a blue flame 
and leaves little or no soot, or carbon, deposit on 
the walls of the cylinders. Lean mixtures behave 
in the same way, except that when they bum in a 
confined space, the pressure produced is less than 
that produced by a perfect mixture. The surplus 
air does not bum. It is heated, however, and, of 
course, expands somewhat. 
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The most intense combustion will be* produced 
by the proper amount of gasoline vapor and air 
if the two elements are first thoroughly mixed to- 
gether. Theoretically, the proportion of fuel to 
air that will produce complete combustion is 1 part 
of gasoline to 15 parts of air, by weight, or if the 
quantities are expressed by volume, 66 parts of air 
are required to 16 parts of gasoline vapor. These 
proportions are variable within small limits with- 
out destroying the combustible properties of the 
mixture, but changes in the mixture cause changes 
in the power delivered by the engine. 

EFFECT OF IMPROPER MIXTURES 

A mixture that is either too rich or too lean 
will cause the engine to lose power. Experience 
has shown that a lean mixture will burn slowly, 
and if the mixture is excessively lean, it will often 
be still burning after the exhaust valves have 
opened to clear the cylinders. This over-long 
burning will result in overheating of the engine, 
because of the burning gases being discharged into 
the exhaust manifolds, and also because the heat 
of explosion is carried all the way to the bottom 
of the cylinder, instead of being confined to the 
beginning of the stroke and the remainder of the 
stroke being used for expansion, as is normally the 
case. In some cases, the gases will even continue 
to bum until the inlet valves begin to open, and 
will cause premature ignition of the incoming 
charge, producing what is termed a backfire 
through the intake system. 

As a general rule, maximum power is obtained 
with a mixture richer than the theoretically per- 
fect mixture, but as maximum power is required 
only for the ‘‘take-off’^, it is not necessary to 
waste fuel by using a rich mixture for ordinary 
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15 to 1 Light blue of maximum intensity Ideal 

17. 3 to 1 Whitish blue of less intensity Lean, 
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operation. An excessively rich mixture will cause 
the engine to roll — alternately speed up and slow 
down — ^when idling, and will result in incomplete 
combustion, loss of power, irregular firing, and 
overheating. If the mixture is considerably too 
rich, a certain amount of gasoline vapor in the 
mixture will be consumed when the ignition takes 
place, leaving the remainder unburned. The vapor 
thus remaining may cause a second combustion if 
there is a flame present, or if the material with 
which it comes in contact is hot enough to ignite 
it. A mixture as rich as this will burn under 
atmospheric pressure with a yellowish flame, and 
leave a carbon deposit. 

A closely blended and uniform mixture is neces- 
sary under all requirements — ^whether of economy 
or of power — ^and this must be obtained before the 
charge is ignited. This means early and rapid 
vaporization of the fuel, particularly at high en- 
gine speeds. Economy requires that, at the time 
of ignition, each particle of fuel shall be in con- 
tact with its proportion — or more than its propor- 
tion — of air. On the other hand, maximum power 
of an engine of definite size is obtained by burning 
the greatest practical amoimt of fuel, and, con- 
sequently, by supplying fuel somewhat in excess 
of the chemical combining proportion, in order to 
make use of the limited cylinder capacity to the 
fullest extent. 

After you have had experience around airplane 
engines, your eyes will gradually be trained to 
a degree where you will be able to judge the cor- 
rectness of the mixture by the color of the flame 
of the exhaust gases. Table I will assist you by 
showing the various conditions that are indicated 
by flames of various colors. Even the best car- 
buretors are not perfect in their action throughout 
the entire speed range of an engine. Therefore, 
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you should make your observations on the exhaust 
flame at or near full-throttle speeds, as the color 
may change somewhat at certain lower speeds 
without indicating that the carburetor is in need 
of adjustment. 

FULL THROTTLE 

As stated before, about 15 parts of air are re- 
quired to 1 part of gasoline vapor for complete 
combustion — at atmospheric pressure — but gaso- 
line will burn in an engine cylinder with only 
about 8 times its weight of air. Maximum power, 
regardless of fuel consumption, is obtained with a 
mixture of about 12% parts of air to 1 part of 
gasoline. The temperature of air-cooled en- 
gines — especially at full throttle — is greatly af- 
fected by the fuel-air ratio of the fuel supplied 
to the engine, and rises very rapidly as the mix- 
ture is leaned out. For this reason, it is desirable 
to provide as rich a mixture as can be used at 
full throttle without loss of power during take-off 
and periods of maximum power output. 

CRUISING SPEED (PART THROTTLE) 

At cruising speeds it is desirable to obtain the 
maximum power — ^not from the engine but from 
A GIVEN AMOUNT OF FUEL — in Order to obtain maxi- 
mum economy, and a leaner mixture is therefore 
required. The ratio for greatest economy is about 
16 parts of air to 1 part of fuel. 

CLOSED THROTTLE (IDLING) 

When the throttle is closed at idling speeds the 
amoimt of air and fuel is greatly reduced as 
compared with wide-open throttle conditions, and 
there is a greater percentage of exhaust gas in 
the cylinder. Therefore, the mixture burns more 
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slowly, and it is necessary to have a richer mix- 
ture at idling and low speed than that required 
for either maximum economy or maximum power. 

The AMOUNT of exhaust gases left in the cylin- 
ders at idling is the same as at open-throttle posi- 
tions. In an engine with a short exhaust stack, 
atmospheric air enters the cylinders through the 
exhaust valves because of valve overlap at intake, 
and also because of the low pressure existing in 
the intake mainfold. A richer mixture at i(Uing 
is required to correct this condition. 

To sum up then, an excess of gasoline is re- 
quired to make starting easier, and to run the 
engine at idling or low speeds; a rather rich mix- 
ture for greatest power ; and a weaker mixture 
for economy. An excess of fuel is, to some extent, 
a corrective for imperfect mixing and gasifying of 
the charge. For the purpose of cooling and for 
preventing knocking — especially on air-cooled en- 
gines — it may be necessary at full power to have 
a mixture ratio richer than one that gives the 
best power. 


TEST YOUR MEMORY 

In this chapter you have been given all the 
basic information that you should need in order 
to be able to understand the operating principles 
of carburetors, and to be able to apply these 
principles to the construction and operation of 
the actual carburetors as described in the follow- 
ing chapters. Before leaving the subject of car- 
buretion, however, let’s take time out to sum up, 
somewhat briefly, the functions that a carburetor 
must be capable of performing in order to qualify 
for use in a modern, high-speed, airplane engine. 
If you have read your book carefuUy so far, you 
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will have found that the functions are as follows — 

The carburetor must give a correct mixture, 
whether the demand on it is light or heavy, within 
the range of the speed actually attained by the 
engine, and regardless of altitude; The airplane 
engine seldom remains for any length of time at 
the same altitude while in flight, and consequently, 
the carburetor used on it must be capable of ad- 
justing the mixture for varying air densities. 
The density of the air at an altitude of 20,000 
feet, for instance, is only about half that at sea 
level. 

The carburetor must not be too sensitive to 
changes in the quality of the fuel, and it must 
permit an easy adjustment for such ordinary vari- 
ations of fuel as are likely to be encountered. This 
does not necessarily mean, however, that the ad- 
justment should be under the control of the opera- 
tor, as, in many cases, carburetors are purposely 
designed without means of adjustment, being cor- 
rectly set at the factory. 

The carburetor must not be unduly affected by 
changes in the level of the plane, as when climbing, 
diving, or flying in the inverted position. 

It must atomize the fuel efficiently for starting 
in cold weather, and to supply sufficient fuel for a 
sudden increase of speed within a reasonable time. 

The quality of the mixture delivered must not 
be affected by the vibration of the engine. 

The carburetor must not be exposed more than 
necessary to the entrance of dirt, and all parts to 
which dirt is liable to find its way must be readily 
accessible for cleaning. 

It must be provided with means of preventing 
the formation of ice. 

You will appreciate more than ever the prob- 
lems of designers, as referred to earlier, when you 
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stop to consider that all of the foregoing require- 
ments must be met under the following conditions. 

Straight flying : radical maneuvers and 

stunts; various climatic conditions, such as 
variable barometric pressure and variable tem- 
perature; variable fuel characteristics; variable 
altitudes; variable speeds; and even dust in the 
air and fuel — ^as is sometimes encountered in 
deserts. 

The manner in which these requirements are 
accomplished will be made clear to you when you 
have read about the different types of carburetors. 
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CHAPTER 6 


FLOAT-TYPE CARBURETOR 
GENERAL FEATURES 

In its most elementary form, a fuel nozzle in the 
intake manifold of an engine is a carburetor. In 
fact, the old ‘‘one-lungers” which were the fore- 
fathers of the present sleek, high-powered cars, 
were equipped with a so-called mixing valve, 
which was practically nothing more than that. A 
carburetor of such simple form is illustrated in 
figure 34. Please remember that the illustration 
is given only for the purpose of getting across to 
you the elementary principles of operation of a 
float-type carburetor, and does not represent an 
actual type in use today. 

The float chamber is supplied with gasoline 
from a fuel line shown in the illustration at the 
top of the chamber. As the gasoline rises in 
the float chamber, it raises a hollow float, which is 
carried on a lever that is hinged to the carburetor 
body. The float lever carries a needle valve the 
point of which extends into an opening in the fuel 
line. Thus, when the float rises far enough, the 
needle closes the fuel intake. When gasoline is 
taken from the float chamber, the float lowers, and 
the fuel passage is once more opened. In this way 
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a maximum fuel level can be established in the 
carburetor. 

The discharge gasoline passage leads to a noz- 
zle and the gasoline rises in the nozzle to a point 
about Ys inch below its tip. The height of the 
fuel in the nozzle is controlled by the float and 
the needle valve in the float chamber. A choke 
tube — ^known as a venturi, and which will be ex- 
plained further on — surrounds the nozzle, and the 
throat or narrowest part of the tube is at the tip 



Fi9ure 34. — Diagrammatic sketch ef plain jet carburetor, 

of the nozzle. Air is drawn into the engine past 
the nozzle and a butterfly valve known as a throttle 
valve. At the throat of the choke tube the speed 
of the air current is so increased that a suction 
is produced at the nozzle, raising the fuel the re- 
maining Yg inch and causing it to be sprayed out 
in the air stream — exactly as previously described 
in connection with the atomizer. If the nozzle has 
an opening of the proper size and the air flow is 
kept constant, the correct amount of fuel will 
come from the nozzle to produce a vapor mixture 
of about 15 parts of air to 1 part of gasoline, by 
weight. 
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The quantity of mixture that passes to the en- 
gine cylinder is controlled by the throttle valve, 
which in the elementary carburetor shown, con- 
sists of a thin circular disk fastened to a shaft that 
is turned by a lever connected by the necessary 
linkage to a manual control in the pilot’s cockpit. 
There are many automatic parts to a carburetor — 
as you will learn as you proceed — but the throttle 
valve, regardless of its design, is one part that is 
always under the direct control of the pilot. 

The throttle valve is so arranged that when it 
is adjusted properly, closing it will not cause the 
engine to stop from lack of fuel, but will permit 
the engine to run at the lowest speed at which it 
will keep in motion. This is called the idling 
speed of the engine. The degree of opening of 
the throttle valve for the idling speed of the en- 
gine is adjustable by means of a set screw — known 
as the throttle stopscrew — carried on the throttle 
lever, or crank arm. In some types of carbu- 
retors, a second stopscrew is provided to limit the 
maximum opening of the throttle. The fuel is 
filtered before it enters the float chamber of the 
carburetor, and means are provided for removing 
the fuel strainer for cleaning purposes. 

The simple carburetor shown in figure 34 is of 
the TJPDKAFT type, which means that the incoming 
air is drawn in at the lower part of the carbu- 
retor, and flows up past the discharge nozzle in 
the choke tube, or venturi. The mixture must be 
carried upwards against the force of gravity, and 
any loss of velocity results in some fuel particles 
falling back. 

Another type of carburetor, known as the down- 
draft type, an elementary form of which you will 
see in figure 35, is located relatively higher on the 
engine, and has its air inlet at the top. Because 
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of its location, it has less tendency to pick uj) sand 
and dirt, and in the case of seaplanes is less liable 
to be affected by spray during take-off. Both 
types of carburetors are employed in late-model 
engines.' 


OIRLCmN OF 
AIR FLO^ 


DISCHARGE NOZZLE. 


THROTTLE VALVE 



FUEL LEVEL 

NEEDLE valve 
FUEL INLET 


riAIN METERING JET 


Figure 35. — Diagrammatic sketch of downdraft carburetor showing elementary 

principles. 


SPRAY CARBURETORS 


All modern airplane carburetors are of the 
spray type, which means that they have one or 
more nozzles, or jets, each of which has one or 
more extremely small openings, or orifices. To 
make the explanation easier to understand, let’s 
assume at first that one nozzle is used and that the 
nozzle has only one opening. 

The piston in an engine cylinder, on its suction 
stroke, creates a |)artial vacuum at the opening of 
the nozzle. Hence, gasoline is drawn from the 
nozzle in the form of a inore-or-less finely divided 
spray, which mixes with the air rushing at a fairly 
high velocity past the nozzle. The spray nozzle 
is generally located centrally in the venturi tube, 
but in some carburetors, it is mounted at an angle 
to the venturi. The nozzle opening is usually at 
or slightly beyond the narrowest part of the tube, 
where the suction is the greatest. 
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The greatest problem in designing a carbure- 
tor is to provide one that will give a proper mix- 
ture of gasoline vapor and air having a uniform 
composition, as required at all engine speeds and 
at all throttle openings. The elementary form 
of carburetor cannot do this, since, as explained 
before, the flow of gasoline from the spray nozzle 
increases at a greater rate than the flow of air 
through the venturi when the engine is speeded 
up. In other words, if the ratio of gasoline 
vapor to air — the fuel-air ratio — ^is correct at low 
engine speed, it will be too large at a higher 
speed, or, as it is commonly expressed, the mix- 
ture becomes too rich. This is just the opposite 
of the way that the mixture should be, as it will 
be most satisfactory if it is a little rich at very 
low engine speeds, and becomes less rich — or 
leaner — as the engine speed increases. A carbu- 
retor that controls the mixture over only a small 
range of speed and throttle opening lacks flexi- 
bility. Conversely, a carburetor that controls the 
. mixture properly over a wide range of speed and 
throttle opening is said to be very flexible. Flex- 
ibility in a carburetor can be secured by providing 
means of counteracting the natural tendencies of 
the device, as described, and a carburetor provided 
with such means is called a compensating 

CARBURETOR. 


HOW COMPENSATION IS ACCOMPLISHED 

Two methods have been employed to compen- 
sate the simple jet so as to overcome its tendency 
to produce an increasingly rich mixture with 
increase of speed of the engine. One of these is 
by combining a simple jet, which will supply a 
mixture that grows richer as the suction increases, 
with a jet that supplies a mixture that grows 
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leaner under the same conditions, the two being so 
designed as to counterbalance each other and thus 
give a continuously correct mixture. The other 
method of compensation is to use the so-called air- 
bleed principle, and since the Stromberg is the 
only float-type carburetor employed in Navy air- 
planes at present, and as this type operates on the 
air-bleed system, it will save confusion to limit 
this discussion to this one method. 

WHY NOT USE PLAIN SPRAY NOZZLE? 

The flow of gasoline from the spray nozzle of a 
plain carburetor of the type shown in figure 34, 
does not increase or decrease in direct proportion 
to the increase or decrease in the fiow of air 
through the venturi tube and past the spray 
nozzle. As the vacuum at the plain nozzle in- 
creases because of the greater engine speed. or 
throttle opening, the flow of gasoline increases 
more rapidly than that of the air. This is due 
in a large measure to the tendency of the fuel to 
cling to the nozzle. As the clinging tendency is 
more or less constant at all engine speeds, the 
slow air flow, and consequently low vacuum, when 
the engine is rimning at low speed will have more 
difficulty in tearing away the fuel particles than 
will the rapid flow of air at high speeds and con- 
sequently high vacuum. The enriching of the 
mixture produced by a change from low speed to 
medium speed with such a simple jet, will, there- 
fore, be proportionately greater than for a change 
from mediimi high to high speed. 

THE AIR-BLEED PRINCIPLE 

In order to be able to understand the principle 
of the air-bleed carburetor, just look for a minute 
at the simple device shown in figure 36. You 
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will see that it consists of a glass tube that extends 
into a liquid in a glass vessel, and that the lower 
end of the tube is narrowed so as to form a small 
opening, or orifice. That term orifice keeps 
cropping up and as it seems better suited to de- 



scribe a small measured opening as used in car- 
buretor jets, you might as well adopt it from here 
on. The orifice limits the rate at which the 
liquid can enter the tube. 

From a point below the surface of the liquid, 
a small branch — ^which we shall call the air- 
bleed — Pleads from the main tube to the air. If 
suction is now applied with the mouth to the 
upper end of the main tube, liquid will be drawn 
into this tube through the orifice at the lower end. 
At the same time, air will be drawn into the tube 
through the air-bleed branch, and this air mixing 
with the liquid will form an emulsion of air bub- 
bles and liquid in the upper part of the tube. 
As this emulsion is much lighter than the liquid 
alone, it may be drawn nip into the tube with less 
suction. 

Now, look at figure 37, and see how the prin- 
ciple, just explained can be applied to a practical 
carburetor. The fuel enters the main tube 
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through the metering orifice, and is sprayed from 
the tip of the nozzle by the suction existing in 
the throat of the choke tube, or venturi. The 
air bleed enters the main tube below the tip, and 
when the suction is applied, an emulsion of fuel 
and air bubbles is drawn from the nozzle openings. 
These openings, you will observe, are at right 
angles to the direction of the air fiow, which 
assists in the atomization of the fuel. 



Rgur* 37. — Application of air-blood princlplo. 


IDLING 

The discharge nozzle of a carburetor is located 
at the throat of the venturi tube, where the speed 
of airflow is the greatest. When the throttle 
valve is nearly closed, very little air will be flow- 
ing through the venturi tube, and practically no 
suction will be exerted on the discharge nozzles. 
As it is necessary to provide some means of run- 
ning the engine at very low speeds some source 
of fuel other than the main jet, or jets, must be 
provided for this purpose. When the throttle is 
nearly closed, the maximum speed of airflow is 
past the edge of the valve instead of at the throat 
of the venturi tube. It is therefore customary 
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to locate the discharge orifice for idling fuel at 
the edge of the throttle valve. 

When the cap jet — ^figure 38 — comes into action, 
the fuel level in the main well is lowered below 
the compensating jet, and consequently the idling 
device is put out of action. Under this condition, 



Figure 38. — Idle system with air bleed. 


with the main well empty except for fuel flowing 
through its lower part, air is drawn in through 
the main and secondary wells, and mixes with the 
fuel supply delivered from the cap jet. As the 
emulsion thus delivered from the cap jet is inti- 
mately mixed with the fuel coming from the main 
jet, it may be considered that at high speeds the 
cap jet acts as an air-bleed for the main jet. 

MIXTURE CONTROL 

The greatest power is obtained in an airplane 
engine by using a slightly richer mixture, but for 
ordinary flight conditions the greatest power of 
the engine is necessary only for the take-off, or 
leaving the ground. When the airplane gets into 
the air, the engine is throttled down and the prob- 
lem then becomes one of obtaining the greatest 
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economy. As has been emphasized several times 
previously, the density of the air decreases as the 
airplane gains altitude, and with jets that give 
a proper mixture at sea level, the mixture becomes 
too rich at greater altitudes. A device is there- 
fore built into airplane carburetors that will en- 
able the pilot to vary the quality of the mixture 
as may be necessaiy to produce the best operating 
results. This device was formerly called the alti- 
tude control, but as its use is not limited to taking 
care of changes in altitude, it is now referred to 
as the MIXTURE control. 

The jets of the carburetor are set normally to 
give a slightly rich mixture at sea level, so as to 
obtain ‘maximum power from the engine at the 
take-off. Once the airplane is in the air, the 
mixture control is used to adjust the mixture for 
the maximum number of revolutions of the engine 
per minute for each throttle opening that may be 
used. In other words, by the use of the mixture 
control it is possible to alter the ratio of fuel to 
air without changing the metering devices. 

At any particular setting of the throttle, the 
mixture control must be varied throughout its 
entire range in order to take care of the changing 
conditions as the altitude is increased from sea 
level to, the ceiling of the airplane in which the 
engine is installed. In some cases, the perform- 
ance of the airplane may be so limited that the 
foregoing statement will need modification, since 
some heavy-duty planes do not have a ceiling high 
enough to require the full use of the mixture con- 
trol. The ceiling of the airplane, as you prob- 
ably well know, is the altitude that it can reach, 
and the term may be used in two different senses. 
The absolute ceiling is the greatest altitude that a 
machine of given weight and power can attain. 
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The service ceiling is the altitude at which the rate 
of climb is reduced to 100 feet per minute. 

In order to obtain mixture control in a Strom- 
berg carburetor, the mixture supplied by the car- 
buretor may be made leaner by reducing the 
effective suction on the metering system, which 
restricts the flow of fuel through the system, or 
by admitting additional air into the induction 
system through an auxiliary air entrance. Each 
of these methods has been used. 

FLOAT-CHAMBER-SUCTION CONTROL 

The float-chamber-suction type of mixture con- 
trol is sometimes called the back-suction, because 
the top of the float chamber leads to the barrel 
of the carburetor just above the venturi tube. 
This connection is provided with a valve that may 
be opened or closed by the operator. The suction 
of the engine in drawing liie mixture from the 
carburetor causes the pressure inside the car- 
buretor barrel to be much less than that of the 
atmosphere outside. Then if the valve is opened, 
air will be sucked from the top of the float cham- 
ber through the connection to the low-pressure 
area inside the carburetor barrel. Reduced pres- 
sure on top of the fuel supply reduces the rate of 
fuel through the oriflces, and the amount of the 
reduction can be regulated by opening or closing 
the valve. 

Under normal conditions at sea level, the regu- 
lating valve will be closed but at an altitude of 
about 6,000 feet the mixture will begin to be too 
rich, and the pilot will open the regulating valve 
slightly imtil the fuel flow is impeded sufficiently 
to give normal mixture. 

You will be able to understand the back-suction- 
control method better by looking at figures 39, 40, 
and 41. These illustrations show a very element- 
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ary carburetor having a float chamber and float, 
an air venturi, and a fuel nozzle. On the top of 
the carburetor are two valves, the right-hand one 
being open to the outside air, and the one at the 
left-hand being connected to the suction line ter- 
minating in the throat of the venturi. In the view 
shown in flgure 39, the air valve is open and the 
suction valve is closed. In these respective posi- 
tions, you can see clearly that no suction is ap- 
plied to the top of the float chamber, and the same 
pressure exists inside the float chamber as outside. 



Figure 39. — Bock-suction mixture control, full-rich position. 


Under these conditions (the mixture control is in 
its full-rich position) the carburetor will operate 
normally. 

In figure 40, you will observe that the suction 
valve (at the left) is open and the air valve is 
closed. In this case, the suction on the suction 
tube is exactly equal to that on the fuel nozzle and 
there is no reason for the fuel to flow. The fuel 
will simply take the level shown. This, of course, 
represents the extreme ‘‘lean” condition that could 
be obtained with this type of control. This con- 
dition is never attained in practice, as some fuel 
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Figure 40. — Back-suction mixture control, extreme-leon position. 

must flow in order to allow the engine to run. In 
order to overcome the tendency to total leanness, 
the suction connection, as you will see in flgure 41, 
is located above the fuel jet, or at a point of lower 
suction than on the jet. Also a small restriction 
is i>laced in the suction passage instead of a mov- 
able valve. With this arrangement, the air valve 
may be completely closed without entirely stop- 
ping the flow of fuel, since the suction above the 
fuel in the float chamber will not equal the suction 
at the discharge jet. 


SUCTION RESTRICTION 



Figure 41.— Back-twclion mixture control, channel restriction. 

131 


Digitized by Google 


Original from 

UNIVERSITY OF CALIFORNIA 



In order that the action of the mixture control 
will not be too sensitive, the air valve must close 
rapidly at first and then more gradually. This is 
accomplished by using a fiat disk valve which 
closes off a good portion of the air-vent passage 
in the first few degrees of rotation, and then closes 
the vent more slowly during the remainder of the 
rotation. Take a look at figure 42 at this point, 
as it will show you exactly how the valve works. 
The under disk of the valve is stationary and the 
upper disk is free to revolve. The two parts are 



Rgure 42. — Monual mikture«confrol valve. 


held together by spring pressure. With the valve 
in the position illustrated, aU of the slot in the 
lower disk is uncovered. This gives the maximum 
venting of the fioat chamber, and prevents any 
suction in the top of the fioat chamber through a 
small drilled hole corresponding to the restriction 
in the suction channel. This is the full-rich posi- 
tion of the valve. 

If the upper disk is now rotated in the direction 
of the arrow, a slight degree of rotation wiU cover 
up about two-thirds of the elongated slot in the 
lower disk. This shuts off most of the outside 
vent, so that some suction is applied to the top of 
the float chamber by the suction line. This slows 
up the flow of the fuel through the spray nozzle, 
and results in a leaner mixture. Further rotation 
of the valve results in a very gradual reduction in 
the size of the slotted opening, because of the 
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gradually decreasing width of the notch in the 
edge of the valve, which gives an accurate mixture 
control. 

The actual construction and installation of the 
manual valve as used in na-roc2 and other car- 
buretors, will be given further on in this book. 

NEEDLE-VALVE CONTROL 

In the needle- valve type of manual control, also 
used in Stromberg carburetors, a needle valve is 
used to restrict the fuel passage to the main- 
metering jet. A construction of this type is 
shown in diagram in figure 43. With the mix- 



MAIN METERING JET 8Y PASS HOLE 

Figure 43. — Needle-volve type of manuol control. 

ture-control in the full-rich position, the needle 
is in the raised position as illustrated, and the 
fuel is accurately metered by the main restricted 
opening in the passage. The valve is controlled 
by a lever operated from the cockpit of the air- 
plane. When the lever is moved toward the lean 
position, the needle is lowered into its seat, thus 
reducing the fuel supply to the main-metering jet. 
A small bypass hole leading from the float cham- 
ber to the fuel passage permits some fuel to flow, 
even though the needle valve is completely closed. 
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The size of the bypass opening determines the 
range of control. 

ALTITUDE MIXTURE-CONTROL RANGE 

The range of the mixture-control is usually 
stated in terms of altitude. This means that a 
carburetor having a correction range of 20,000 
feet will give the same mixture ratio at this alti- 
tude with the mixture-control set at full lean, as 
at sea-level with the control set at full rich. If 
a metering jet setting is used that gives a mixture 
richer than necessary on the ground with the idea 
of using the mixture-control to correct for this 
condition, the remaining control available for 
altitude use will be less than if the ground-level 
jet were correct with the control full rich. 

The float-chamber suction type and the needle- 
valve type of mixture-controls have a correction 
range of approximately 25,000 feet altitude. 
After the limit of mixture-control correction has 
been reached, the airplane can ascend 5,000 or 
6,000 feet farther before the mixture will become 
rich enough to cause the engine to lose power, and 
several thousand feet more before the engine 
operation becomes excessively rough. 

In some Stromberg carburetors using the back- 
suction control, an automatic mixture-control is 
substituted for the air valve on the float-chamber 
housing. This control will be explained further on. 

IDLING CUT-OFF 

Considerable difficulty is sometimes experienced 
in bringing a high-power engine to a stop after 
the ignition is cut off. This is particularly true 
after the airplane has been run or taxied on the 
ground until the cylinder heads become very hot. 
In this case, the engine continues to run because 


Digitized by Google 


134 


Original from 

UNIVERSITY OF CALIFORNIA 



of the incoming fuel being ignited by coming in 
contact with the overheated metal. The result 
may be a ‘‘back kick’^ with possible damage to 
the engine, especially if the engine is of the 
geared type with a heavy propeller. 

To overcome this difficulty, an idle out-off is 
provided in conjunction with the mixture-control 
disk valve. When the mixture-control valve is 
placed in the idle cut-off position, the float cham- 
ber is subjected to the full suction of the carbu- 
retor barrel through a passage opening into the 
barrel at a point above the throttle valve. When 
the throttle is closed, the suction on the top of 
the float chamber is sufficient to stop all flow of 
fuel from the chamber. Lacking fuel the engine 
will stop running. 

APPLICATION OF PRINCIPLES 

Up to now this discussion has been concerned 
chiefly with the underlying principles of carbu- 
retors, knowing how essential it is that you become 
grounded in these principles before you can hope 
to be able to imderstand their application to 
actual carburetor constructions. Before taking 
up representative types of carburetors, let’s spend 
a little time in studying the principal parts of the 
float-type — ^many of which apply to other types, 
as well — so that when you encounter them later 
in place in the carburetors, you will have, at 
least, a “speaking acquaintance” with them, 
instead of finding them strangers in a strange 
land. You will probably find some repetition of 
information already given, but you know the old 
“saw” — in repetition lies perfection — and it is 
only by pounding repeatedly on important points 
that they can become firmly fixed in your mind. 

A float-type carburetor consists of the following 
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main parts, and they will be taken up in the 
order given. 

The carburetor body, which contains the vari- 
ous units; the strainer, through which the fuel 
must enter the carburetor; the float and needle- 
valve mechanism, which controls the supply of 
fuel in the float chamber ; the float chamber, which 
is a reservoir for fuel, so arranged that the fuel 
can be delivered to the discharge nozzles at a 
constant level; the venturi, or choke, tube which 
is a passage with a narrowed part in which the 
discharge nozzles are centrally placed; the dis- 
charge-nozzle assembly, which is an arrangement 
of nozzles that discharge fuel into the air stream ; 
the idling system, which is an arrangement for 
supplying a proper fuel mixture at low engine 
speeds when the main nozzles are not operating; 
the throttle, which controls the amount of mix- 
ture that enters the induction system; and the 
metering-assembly, which is an arrangement of 
orifices for regulating the flow. 

THE CARBURETOR BODY 

The BODY of the carburetor is made of cast 
aluminum to keep down the weight. Care must 
be taken to see that all joints and fittings are 
tight, as even a very slight leakage of air may be 
sufficient to interfere with the proper operation 
of the engine. Joints are lapped so as to fit 
without gaskets, or are fitted with thin paper 
gaskets in order to insure the required tightness. 
The body includes an air horn, or scoop, the shape 
and location of which with relation to the air 
stream may have an appreciable effect on the 
running of the engine. A drain is provided ai 
the lowest point of the air horn to carry off any 
fuel that may collect. Piping from this drain 
should lead clear of the airplane structure in 
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order to reduce fire hazard. Plugs are provided 
at the ends of passages through the carburetor 
body to provide for cleaning and for changing 
the meter orifices. 


THE STRAINER 

A tj^ical carburetor strainer installation is 
shown in the sectional view of the carburetor fioat 
chamber in figure 44. The strainer consists of 



Figure 44. — Typical float system. 


a screen of fine mesh, and its purpose is to remove 
dirt from the fuel before it reaches the needle 
valve. Dirt in the carburetor may prevent the 
needle valve from seating and thus flood the car- 
buretor, or it may clog the metering orifices. 
The strainer is removable for cleaning by remov- 
ing the plug that holds it in place. 
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FLOAT MECHANISM 


In the float-type carburetor the fuel should be 
subjected to no other force than the action result- 
ing from the airflow through the venturi. It is 
therefore necessary to provide a separate reser- 
voir, known as a float chamber, between the 
main fuel line and the metering system of the 
carburetor. Referring again to figure 44, you 
will see that the float, which, of course, is placed in 
the float chamber, is attached by means of a lever 
to a pointed valve — ^known as the needle valve — 
which cuts off the inflow of fuel from the supply 
line . when the liquid rises to a pre-determined 
level. The combination of float and valve is 
known as a float feed. 

With no fuel in the carburetor, the float takes 
the position shown by the dotted lines. In mov- 
ing to this position, it raises the needle valve, and 
opens the fuel inlet. When the engine is running 
and fuel is being drawn out of the float chamber 
to the jets, the valve does not alternately open 
and close, but takes an intermediate position such 
that the valve opening is just sufficient to supply 
the required amount of fuel and keep the level 
fairly constant. The float is set to maintain a 
fuel level slightly lower than the tip of the spray 
nozzle. This is done to secure a margin of safety 
to allow for inaccurate operation of the float and 
the valve, so that there will not be an excessive 
flow of fuel from the nozzle in case the float allows 
the liquid to rise slightly above its normal level. 
It also prevents dripping when the engine is idle, 
and overflow resulting from the tipping of the 
carburetor when the engine is out of level. 

The seat of the needle valve is often made of 
brass and the needle itself of steel or Monel steel. 
Stromberg carburetors use stainless-steel seats 
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and hardened stainless-steel valves. This differ- 
ence in hardness is used in order that the unavoid- 
able wear may be confined to the seat, so that it 
tends to conform to the shape of the needle. The 
opening of the needle valve is made larger than 
that required to pass the maximum amount of 
fuel required, in order that an ample supply of 
fuel may always be available at the metering 
orifices. 

Hollow metallic floats are almost universally 
used because of their low cost, ease of construc- 
tion, and reliability of service. The float is 
usually made of brass and is formed by spinning, 
pressing, or stamping. The float mechanism is 
designed to operate at fuel pressures of 2 to 4 psi, 
3 pounds pressure being recommended for service 
use. 


FLOAT CHAMBER 

An important requirement of the float chamber 
besides those requirements already mentioned, is 
that it be located as close as possible to the dis- 
charge nozzles. If it is too far from the nozzles, 
a distinct lag in the flow of fuel will be noticed 
when the throttle is opened rapidly. The float 
chamber must be vented, that is, opened to the 
air, so that fuel may flow into the chamber, with- 
out compressing the air above the surface of the 
fuel, and flow out of the chamber without pro- 
ducing a partial vacuum in the space above the 
fuel. Vents to the float chamber are usually led 
to some internal space in the carburetor body 
which is itself open to the outside air. This 
accomplishes the double purpose of reducing fire 
hazard due to the escape of fuel vapor from the 
vents into the open air, and of preventing erratic 
performance of the carburetor that might result 
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from leading the vent to the disturbed air flow 
past the outside of the tnxiy. 

MAINTAINING FUEL LEVEL 

One of the most important i*equirements of an 
airplane carbui*etor is the maintenance of the fuel 
level with respect to the discharge nozzles. If the 
nozzle assembly is foi-ward of the float chamber, 
there will be a tendency to flood the nozzle when 
the airplane is diving and to starve it when climb- 
ing — which is exactly opposite to the usual de- 



Hgure 45. — Position of fuel discharge nozzles in duplex carburetor. 

mands of the engine for fuel in these attitudes of 
the airplane. When a duplex carburetor is used, 
the nozzles are usually located in a horizontal line 
extending laterally through the center of the float 
chamber, as illustrated in figure 45. This makes 
an ideal location as regards fuel supply when 
climbing or diving, but may result in fiooding the 
carburetor nozzles for one bank of the engine while 
starving the other bank, in case the airplane is 
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placed in a steep side-slip. As this is not a nor- 
mal flying attitude, this objection is not important. 

Alterations in the fuel lever may be obtained 
by the use of thicker or thinner gaskets under the 
needle-valve seat. 


VENTURI TUBE 

The venturi, or choke, tube has been referred 
to frequently throughout this discussion, so now’s 
the time to tell you exactly how it works, and to 
explain the important position it occupies in the 
fimctioning of the carburetor. As you will see in 



Rgure 46.— Bosk form of corburelor venturi tube. 

flgure 46, which shows a simple form of the ven- 
turi tube, it consists of a tube that tapers inwards 
from both ends to form a narrow section or throat. 
Air entering at the bottom of the tube first passes 
through the rapidly narrowing part until it 
reaches the narrowest cross-section, or throat, and 
then passes through the gradually widening part 
to the discharge orifice at the upper end. 

The principle of operation of the venturi tube 
is based on the fact that a partial vacuum is 
formed in the tube at a point just above or beyond 
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the throat. In figure 46, the flow of fluid through 
the tube from bottom to top results in the forma- 
tion of a partial vacuiun at the throat, and if a 
small hole were drilled into the venturi tube at 
this point, air would be drawn into the tube and 
the vacuum would be destroyed. In the case of a 
straight tube, no vacuum is formed, and the flow of 
air through it is not so rapid, as the pressure is 
practically constant at all points along the tube. 
In the venturi tube, the formation of the partial 
vacuum beyond the throat causes less resistance to 
the flow. Hence, the velocity of flow and the dis- 
charge are greater. 

The formation of a partial vacuum at the throat 
of the venturi tube simply indicates that the pres- 
sure at that point is reduced until it is less than 
the pressure of the external atmosphere. The 
gasoline in the float chamber to which the spray 
nozzle is connected is acted on by atmospheric 
pressure, or about 15 psi at sea level, whereas 
the gasoline issuing from the spray orifice is sub- 
jected to a pressure that may be less by several 
psi. As a result of this unbalanced condition of 
pressure, the gasoline is forced rapidly through 
the spray nozzle and is discharged from the noz- 
zle orifice in the form of a spray. This spray is 
caught up by the air stream and carried into the 
induction system. The reduction of pressure at 
the end of the spray nozzle also insures a more 
rapid vaporization of the fuel. 

The temperature at which a liquid boils and 
changes into vapor is lowered by reducing the 
pressure on the liquid. Thus, water will boil at 
about 212° F. at sea level, but at the top of a 
mountain, one mile above sea level, where the 
pressure is less because the air is rarer, water 
will boil at about 202° F, Similarly, when the 
gasoline is discharged into the throat of the 
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venturi tube, where tne pressure is reduced, its 
boiling point is lowered considerably, and the 
result is that it vaporizes much more readily than 
when subjected to atmospheric pressure. 

By the use of a venturi tube it is possible to 
speed up the flow of air, and hence to increase the 
suction at the throat, or narrowest point, and at 
the same time to have relatively low suction exist- 
ing in the manifold beyond the throat. The ven- 



Hgure 47.— Spray system of typical air-bleed carburetor. 

turi tube is usually a detachable part of the 
carburetor barrel, as you will see in the the part- 
sectional view of a typical air-bleed type carbure- 
tor in figure 47. In effect, it measures the amount 
of air admitted to the engine and is therefore 
made in different sizes, so that the proper size can 
be selected for the particular engine to which a 
carburetor is being fitted. 

The discharge nozzles of the carburetor are 
placed at the throat of the venturi, where the suc- 
tion effect is the greatest. In some cases, two 
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venturi tubes have been used, one within the other, 
with the nozzle at the throat of the inner tube. 
This creates high air velocity past the main- 
discharge jet, which is desirable to effect complete 
atomization of the fuel. A venturi is usually 
selected that will have an air velocity through the 
throat of about 300 feet per second at normal 
full-engine speed. As this will drop to zero when 
the engine is stopped, it is easily seen that a large 
range of air speed is available for adjusting the 
suction on the nozzles. 

In some types of carburetors, holes are drilled 
radially through the venturi tube, producing a 
space with reduced pressure between the venturi 
and the carburetor barrel. This ^ace of reduced 
pressure is used to control the effective pressure 
on the top of the fuel in the float chamber, as ex- 
plained in connection with the float-chamber-suc- 
tion system of mixture control. On some types of 
carburetors, the venturi is made a permanent non- 
removable part of the barrel. A movable cone 
under the venturi, when raised, reduces the ef- 
fective opening for a passage of air through the 
venturi. In other cases, the venturi itself is made 
variable, so that a mixture control is made possible 
by changing the location of the venturi throat in 
relation to the discharge nozzle. 

DISCHARGE NOZZLES 

The principal purpose of the discharge nozzle — 
look at figure 47 again — is to direct the fuel jet 
into the air stream passing through the venturi. 
The nozzle opening, must be amply larger than the 
metering orifices used to measure the supply of 
fuel delivered to it, as otherwise, the nozzle itself 
will act as the metering device, and nullify the 
action of the metering jet. The nozzle body, stem, 
and base shoiild be of streamline form to present 
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as little resistance as possible to the flow of air 
through the carburetor. The shape of the mouth 
of the nozzle has considerable effect on the action 
of the carburetor. 

A (type of nozzle frequently used consists of a 
straight tubular nozzle with a sharp-edged open- 
ing. Such a nozzle is easy to manufacture, and 
can be made in large quantities with unvarying 
characteristics. However, minute variations in 
the shape or size of the mouth of such a nozzle, or 
burrs in the edge of the opening, etc., will pro- 
duce considerable variation in engine service. 

Stromberg airplane carburetors generally use 
what is known as a rose-type nozzle, so-called, as 
you can see in the illustration, because of the 
shape of its head. The nozzle is provided with 
radial holes, drilled from the surface of the cone 
to the interior vertical fuel passage. It is claimed 
that the change of direction of the fuel emulsion 
flow from vertical to nearly horizontal just before 
it is delivered to the air stream, assists in mixing 
the fuel with the air. 

IDLE SYSTEM 

As has previously been explained briefly, it is 
common practice to have the idle mixture deliv- 
ered to the carburetor barrel from a small port, 
or ports, imcovered by the edge of the butterfly 
throttle valve as it is opened. When the throttle 
valve is closed, the only passage for air through 
the carburetor is by way of the idle orifice leading 
around the edge of the valve. The demand of the 
cylinders will be such that the air cannot flow 
through this restricted passage fast enough to 
supply the demand, and consequently a high 
vacuum will exist above the throttle valve. The 
fuel discharge opening from the idle system is lo- 
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cated at this orifice, where the velocity of fiow is 
greatest. 

As the throttle valve is opened to increase speed, 
a greater amount of air is permitted to fiow past 
the valve and more fuel should be supplied to 
maintain the proper mixture ratio. However, the 
increasing supply of air tends to reduce the 
vacuum above the valve and hence the amount of 
fuel sucked .from the discharge opening. Thus 
the mixture grows leaner as the throttle is opened 
until the idle system becomes of no importance in 



Figure 48. — Idle device used in Sfromberg float-type carburetor. 


relation to the supply picked up from the main 
jets. 

The idle orifice employed in Stromberg carbu- 
retors is contained in a plug such as you will see 
in fi^re 48, view (A), the actual construction 
varying somewhat in different carburetor models. 
The plug that contains the idle orifice is cylindri- 
cal, but is cut away at the end to form a semi- 
cylindrical projection. As you will see in view 
(H), the end of the projection extends through 
the carburetor casting to the edge of the throttle 
valve. 

With the jet in its normal position, which is 
shown in the diagram, figure 49, view (A), half 

146 


Digitized by Google 


Original from 

UNIVERSITY OF CALIFORNIA 



of the open segment of the plug, view (^), is 
above the edge of the throttle valve, and the other 
half is below the edge. The upper end of the 
opening is in communication with the partial 
vacuum in the manifold above the throttle valve, 
and the lower end is open to the inside of the 
carburetor below the throttle valve. The suction 
in the manifold causes air from below the throttle 
valve to pass in through the open quarter-segment 
above the valve, as indicated by the curved arrow, 
figure 48, view (B). In passing through the by- 
pass, air draws fuel from the idle orifice. 



(A) JET IN NORMAL POSITION 





(D) JET IN LEAN POSITION 


Figure 49. — Diagram showing action of idling device. 


As the throttle is opened the area of the open- 
ing above the throttle valve is increased, and that 
below the valve is decreased, which is the position 
shown in the diagram, figure 49, view (C). As 
the amount of air flowing past the partly opened 
throttle has increased, the greater amount of fuel 
taken in through the upper opening is sufficient to 
form a combustible mixture, such as is necessary 
for the increased speed of the engine. The size 
and shape of the idle bypass can be adjusted by 
regulating the exposure of the orifice by means 
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of the edge of the throttle valve, so that a correct 
mixture is obtained for all idle speeds. 

The mixture required for extremely low speeds 
is excessively rich, but as the idle speed is in- 
creased the mixture gradually is reduced to nor- 
mal. The plug may be turned through a definite 
angle by means of the idle-control lever, which 
can be locked in different positions by a spring- 
loaded pin that fits into holes or notches in the 
quadrant. In this way the strength of the idle 
mixture may be controlled from, the full -rich 
position shown in figure 49, view {C) to the full- 
lean position shown in view (2>), since turning 
the plug regulates the upper and lower positions 
of the openings, and consequently controls the 
ratio of gas to air so as to obtain the proper 
mixture. 

The idle system of an airplane carburetor also 
maintains an air-bleed which serves the threefold 
purpose of reducing the suction on the idling 
metering orifice to controllable limits, providing 
a convenient means of mixture regulation, and of 
contributing to the operation of the system as a 
priming device. Action of the system as a pri- 
ming device is — 

The idle passages are made considerably larger 
size than is necessaiy to carry fuel only, the 
suction in them being reduced in normal running 
by the idling air-bleed. When the engine is at 
rest, the fuel rises to the fioat level both inside and 
outside the idle tube, this combined space being 
made equal to the volume of a rich fuel charge 
for one cylinder. In starting, if the throttle is 
left closed, the first quarter-turn of the engine 
will draw this rich charge into the intake mani- 
fold before the air bleed through the idle system 
can begin. If the engine is allowed to remain 
still for a few seconds, the idle tube will again 
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fill up to the float level, and another quarter-turn 
of the engine will draw in another rich charge, 
and so on. Thus, the carburetor can be made to 
prime the engine automatically for starting. If 
the engine is warm and this priming action is not 
desired, placing the throttle in the quarter-open 
position will reduce the manifold vacuum so that 
no priming action will take place as the propeller 
is turned. 


STROMBERG FLOAT-FEED CARBURETOR 


You can see the action of the idle well in figure 
50. You will observe that the bottom end of the 
idle tube is immersed in fuel, and the tube there- 
fore draws gasoline without air-bleed, giving a 
temporary rich mixtuie and automatic priming 



Figure 50. — Action of ijdie well in starting. 


action. When the engine starts, the space around 
the idle tube is emptied, and the idle air-bleed 
begins to act. The engine then idles on a mixture 
of normal strength from the idle metering orifice, 
mixed with air coming into the bottom of the 
idling tube through the idle air-bleed. 

In figure 51, you will see that the throttle is 
partly open to run the engine at a speed of between 
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. jet passage has been completely emptied by the 
suction on the main-discharge nozzle, so that air 
is being drawn through the air-bleed, down 
through the idling tube, through idling metering 
orifice, and into the base of the main-discharge 
nozzle. In this way, an emulsion is formed at the 
bottom of the main-discharge jet, and good 
at 9 mization is obtained. 

THROTTLE VALVE 

' A locomotive engineer sits in his cab with one 
hand constantly on the throttle lever. An auto- 
mobile driver runs his car with his foot always on 
the accelerator pedal. An airplane pilot has many 
gages and operating gadgets that require constant 
attention, but the throttle is one thing that he 
always has under his immediate control. Why! 
Because the throttle valve controls the amoimt of 
fuel admitted to the engine, and thus the power 
delivered by the engine, and its position must be 
varied to conform to the changing conditions under 
which the airplane is operating. 

The throttle valve almost universally used in 
connection with carburetors is the butterfiy type, 
which is illustrated in figure 48. This type of 
valve not only controls the engine throughout the 
power range, but serves a secondary purpose of 
regulating the idling mixture, as already described. 
For this reason it must be very closely adjusted. 
When two or more barrels of a carburetor are con- 
trolled they are usually synchronized — ^made to op- 
erate exactly in unison — by means of meshing 
gears carried on the ends of the throttle-valve 
shafts. The valves must be adjusted to work to- 
gether, as the regulation of the idling mixture 
especially requires accurate closing of the throt- 
tles. The construction for accomplishing this is 
described later. 
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METERING ASSEMBLY 


The metering assembly of an airplane carbu- 
retor may be said to include not only the orifices 
for regulating the flow of fuel to the discharge 
nozzles, but also, in the case of carburetors using 
the air-bleed principle, the orifices for regulating 
the admission of air to the fuel stream to form 
the fuel emulsion. From a theoretical considera- 
tion of the points involved, it would seem logical 
to require three metering orifices for the supply 
of fuel to an engine. These are for idling speeds, 
for mid-range speeds, and for flying speeds. 
Stromberg airplane carburetors do not employ a 
mid-range metering jet, but accomplish the same 
purpose by cutting in additional air-bleeds at high 
speeds. The main and idling air-bleeds of Strom- 
berg carburetors are orifices similar to those used 
for metering the fuel, and are changeable in the 
same way in order to take care of necessary 
adjustments. 


DESIGN OF JETS 

In figure 53 you are shown a sectional view of 
the type of metering jets used in Stromberg carbu- 
retors. These jets are machined very accurately. 



Figure 53. — Metering jet used in Stromberg carburetors. 
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The smallest opening is the measuring orifice,* and 
it is placed in the middle of the jet where it is 
well protected. Never use wire or other metal 
devices to clean out the passage through the jet, 
as even slight scoring or abrasion will alter the 
amoimt of fuel passed by the jet. Jets are sized 
and numbered according to the Twist Drill and 
Wire-Gage Standard, and are usually manufac- 
tured of brass. The scouring action of the fuel 
in passing through the jets will in time enlarge 
the bore and necessitate replacing the jets. 

The metering system in general must provide 
a proper fuel supply to the engine at all speeds 
from the lowest to the highest. For the sake of 
good acceleration, or passing from one speed to 
another, it must be arranged so that the action of 
one metering jet will merge smoothly into that 
orf the next in order to provide for smooth opera- 
tion of the engine while running on any one jet, 
or on any combination of jets. Even the best 
designs may fail to achieve this result, and the 
engine may fire somewhat irregularly while shift- 
ing from one jet to another. 

TEAM WORK 

Sports history bristles with the names of great 
combinations that achieved fame, not because of 
any individual greatness that they displayed, but 
because as a unit they were almost unbeatable. 

But team work — or coordination — ^is not limited 
to sports. It is just as important in other things. 
It is important in the airplane — ^the engine — and 
in the carburetor. All of the detailed parts of the 
carburetor so far described have their individual 
functions and are complete in themselves, but they 
are of little value to the airplane until they are 
merged into a single harmonious whole. For this 
reason it’s a good idea to consider the function of 
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the various parts of a simple carburetor in rela- 
tion TO EACH OTHER, before taking up individual 
types of carburetors, in order that the actual 
operation may be better understood^ 

Fuel enters the carburetor at the inlet, passes 
through the fuel strainer, enters the float chamber 
past the needle valve, arid is shut off by the rising 
of the float. From the float chamber, the fuel 
passes through the main-metering jet, and rises 
in the central passage of the main-discharge 
nozzle. It then passes through the idling-meter- 
ing jet to the idling well and the space surround- 
ing it, until the fuel level throughout the carbu- 
retor is the same as that in the float chamber. 
The main-discharge nozzle surrounds the central 
stud and thereby provides a space between the 
two, called the accelerating well. The main-dis- 
charge nozzle also carries the discharge orifices 
at its upper end and the main air-bleed at one 
side. The main air-bleed opens into the space 
behind the venturi, which sj)ace is in commimica- 
tion with the air intake of the carburetor and 
therefore is at atmospheric pressure. The main- 
discharge nozzle central stud is provided with air- 
bleed holes at two levels in the accelerating well, 
and also with holes leading to a passage that con- 
nects to the idling system. 

When the engine is turned over with the 
throttle closed, the partial vacuum above the 
throttle causes fuel to be sucked up the idle tube. 
As this suction in starting draws the fuel up the 
idle tube faster than it can come in through the 
idle metering jet, the level in the space surround- 
ing the idling tube is lowered by pulling the fuel 
into the tube through the holes near its lower end. 
The space around the idling tube is thus a small 
accelerating well for the idle system, which is 
itself really a small carburetor. 
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The capacity of the space around the idle tube 
is made sufficiently large to give a good charge to 
one cylinder, so that in effect this part of the sys- 
tem is a priming device. If the engine is turned 
over sufficiently to draw a charge into one cyl- 
inder and then allowed to rest a moment, the idle 
system will refill with fuel through the idle- 
metering jet and another cylinder can be primed, 
thus giving each cylinder in turn a good starting 
charge. 

Very little air will fiow through the venturi 
when the engine is turned over with a closed 
throttle, but the flow past the idle orifice will be 
fast enough to pull fuel from the idle tube. The 
action of the idle jet has already been explained 
in detail. As the fuel level in the space surroimd- 
ing the idle tube is lowered to the holes at the 
bottom of that tube, the idle air bleed begins to 
bleed air into the fuel, causing an emulsion and 
air bubbles. So that you can see the construction 
better, the idle tube has been broken away in the 
illustration to show the idle air bleed. 

You must understand that air enters the idle 
air bleed at atmospheric pressure from the space 
behind, the venturi, and is discharged into the 
upper part of the space surrounding the idle tube 
by means of the T-shaped passages in the idle air 
bleed, as shown. The air then travels down to 
the bottom of the space until it can enter the idle 
tube through the small holes just above the idle- 
metering jet. The idle tube is continuous from 
these holes to the point where it enters the dis- 
charge jet, and in the actual instrument is not 
broken at the idle air-bleed. 

The idle orifice is semicircular and is arranged 
so that the area of the orifice above or below the 
edge of the throttle valve can be regulated by 
moving the plug crank, as previously explained. 
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The idle-discharge jet is held in place by the 
coiled spring and plug shown in the illustration. 
The spring is necessary to prevent any leakage of 
fuel into the discharge orifice around the sides of 
the jet instead of through the passage provided. 
A small sector with holes is fixed behind the idle- 
plug crank, and a spring-actuated pin in the crank 
may be set in any of the holes, thus holding the 
crank in any desired position. A mixture control 
is of the fioat-chamber-suction type previously de- 
scribed. Plugs are provided, as shown, for clean- 
ing and replacement of jets. The actual carbu- 
retor differs from that shown in having an air 
horn attached to the air intake, and a drain con- 
nection at the lowest part of the intake opening to 
provide for drainage of excess fuel that may collect 
there. 
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CHAPTER 7 


STROMBERG FLOAT-TYPE CARBURETORS 
MODEL DESIGNATION 

Stromberg airplane carburetors are made in a 
variety of models to meet special requirements, 
and are designated by a series of letters and num- 
bers, the first two being NA — natural atomiza- 
tion — in all cases of float-type carburetors. 

Following the general model designation NA in 
float-t 3 q)e carburetors, appears a hyphen, and then 
follows another numl3er designating the style of 
carburetor, such as S for single vertical; U for 
double barrel, with a single float between the bar- 
rels; D for double-barrel, with a single float in 
the rear; DD for double-barrel downdraft, with 
a single float to one side; Y for double-barrel, 
with a Y-type double-float mechanism, double-float 
chamber and a single needle valve; T for a triple- 
barrel, with double-float chamber; and F for four 
barrels, with two independent floats and needles. 
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The number following the model and style let- 
ters indicates the rated size of the carburetor. 
Since the rated size is % e iiich smaller than the 
actual diameter of the carburetor barrel, the num- 
ber 1, for instance, following the letter indicates a 
carburetor with a %c"i^ch barrel. Each imit 
increase in the size number indicates an increase 
of ^ inch in the carburetor barrel. For exam- 
ple — ^No. 2 size is actually 1%6+%=1%6 inches 
in diameter, and No. 3 size is 
inches in diameter. 

A model modification letter following the size 
number indicates a major design change, which 
distinguishes a new model from preceding ones. 

A number designation following the model mod- 
ification letter indicates a minor modification in 
design. This number indicates that there is only 
a slight difference between this model and similar 
models. For example narqci, and nar9C2 car- 
buretors are alike except for minor differences. 

The model designation and serial number are 
placed on a tag, which is riveted to the carburetor. 

CARBURETOR CONSTRUCTION 

You now have before you all the various pieces 
of the jigsaw puzzle — or, as the “who-done it” 
thrillers express it, the evidence is all in — and it 
remains only to assemble the individual parts into 
a completed whole. If you have followed closely 
all that has gone before, you will be surprised at 
the ease with which each piece will fall into place, 
and how perfectly the most irregular contours 
merge and blend to form the finished picture. 
And once this picture is fixed in your mind — 
built up from all the detailed descriptions through 
which you have patiently waded — you should no 
longer feel embarrassed in the presence of a car- 
buretor. ' 
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Several different models of float-type carbure- 
tors have been used in Navy airplanes, and it is 
obviously impracticable to attempt to describe 
them all here. Consequently, two models in ac- 
tive use, and which may be considered representa- ' 
tive of modern construction, will be discussed. 
These are the na-r9b and the na-r9C2. Both are 
single-barrel updraft carburetors with a single 
hinge-type float. In momiting either type carbu- 
retor on the engine, the float chamber is placed at 
the side with the fuel inlet to the rear. The 
needle valve requires a fuel pressure of 3 psi, or 
a gravity-feed system having a minimmn fuel 
head of 97 inches. The throttle lever has a 70- 
degree travel, and requires a control-rod move- 
ment of 2^ %4 inches on the na-r9C2 and 2% 2 
inches on the na-r9B carburetor. A %X%-hich 
reducing bushing is supplied with na-R9C2 car- 
buretors at the factory, but when possible the 
manufacturers recommend that the %-inch inlet 
be dsed. 


MODEL NA-R9B 

This carburetor is designed with a needle-type, 
hand-operated, mixture control, and needle-type, 
throttle-shaft operated economizer. 

In figure 54, you will see a top view — ^usually 
known as a plan elevation — and in figure 55, a 
front view — or front elevation — of the Stromberg 
NA-R9B carburetor. These views will help you to 
identify some parts of the carburetor and also 
to distinguish this model from others when you 
come in contact with it. In addition, sectional 
views will be shown to bring out the details of 
construction. In order to make it easier for you 
to follow the description through the various 
views of the carburetor, the same reference num- 
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bers have been given to like parts in all views. 
If a certain part doesn’t appear to be as clear 
as you would like in one illustration, look for the 
same part in another view. It will have the same 
identifying number in each case. 

The main body of the carburetor is fastened to 
the throttle body by screws. The fuel enters the 
main body through the fuel inlet and flows 
through a filter screen in the housing directly 
below the inlet, before passing into the float cham- 
ber of the carburetor. The mixture-control lever 
is used to control the mixture of fuel and air by 
regulating the flow of fuel to the main-metering 
system of the carburetor. The idle-adjusting 
lever moves over a quadrant, and regulates the 
discharge of the idle tube contained in the vciti- 
cal housing below the lever, figure 55. This view 
also shows the accelerating pump, the main air- 
bleed, and the idle-air-bleed. The main- jet plug 
is removed when it is desired to clean out the 
main jet. Cleanout plugs are provided for the 



Figure 54. — Top, or plan, view of Stromberg NA-R9B carburetor. 
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Figure 55. — Front view of NA-R9B carburetor. 


Main carburetor body. 
Throttle body. 

Fuel inlet. 

Screen housing. 
Mixture-control lever. 
Mixture-control lever 
stop arm. 

Mixture-control lever 
stop. 

Idle adjusting lever. 

Idle adjusting-lever 
quadrant. 

Idle-tube housing. 

Accelerator pump. 
Accelerator-pump arm. 
Accelerator-pump lever. 26. 
Main air-bleed. 27. 


Idle air-bleed. 

Metering- jet cleanout 

plug. 

Main- jet cleanout plug. 
Float - chamber drain 

plug- 

strainer plug. 
Float-lever fulcrum ad- 
justing plug. 
Throttle-valve shaft. 
Throttle lever. 
Throttle-stop screw. 
Throttle-lever stop. 
Fuel-passage cleanout 
plug. 

Economizer arm. 
Economizer. 


PARTS SHOWN IN FIGURES 54 AND 55 

15. 

16. 

17. 

18. 

19. 

20 . 

21 . 

22 . 

23. 

24. 

25. 


metering and fuel passages in the body of the 
carburetor. 

It is advisable to fix these points in your mind, 
as it is necessary to keep the various parts clean 
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in order that the carburetor will operate at high- 
est efficiency. Also shown at the bottom of the 
carburetor are the drain plug for the float cham- 
ber and the plug that holds the filter element of 
the fuel strainer in place. A screw at the left- 
hand end (in the illustration) is provided to 
adjust the fulcrum of the float lever in the float 
chamber. 

In the top view, figure 54, the throttle valve is 
shown carried on the throttle shaft, on one end 
of which is mounted the throttle operating lever 
and on the other end the lever that operates the 
accelerating pump. Another arm on the throttle 
shaft operates the economizer. 

The sectional view shown in figure 44 is that 
of the NA-R9B carburetor taken through the line 
A-A, figure 54. 

Fuel enters the carburetor at the inlet and after 
passing through the strainer flows through the 
fuel passage to the float chamber. A constant- 
fuel level is maintained in the float chamber by 
a needle valve operated by a float, which is made 
with a flat top so as to reduce the over-all height 
of the carburetor. The float chamber is vented 
through the opening in the top. In this illustra- 
tion, is shown also the throttle-valve shaft on 
which are keyed the arm that actuates the 
accelerator pump through a lever, and the ann 
that operates the economizer needle valve. 

The path of the fuel on leaving the fuel cham- 
ber can be seen in figure 56, which represents a 
sectional view of the carburetor taken at C-C^ 
figure 54. From the float chamber, the fuel flows 
past the mixture-control needle valve and the 
main-metering jet into a passage leading to the 
main-discharge nozzle, which is screwed into a 
boss projecting into the air intake of the car- 
buretor, and is located centrally in the venturi 
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PARTS SHOWN IN FIGURE 56 


36. Mixture-control needle 

valve. 

37. Main metering jet. 

38. F uel passage to discharge 

nozzle. 

39. Main-discharge nozzle. 

40. Venturi tube. 

41. Throttle valve. 

21. Throttle shaft. 

14. Main air-bleed. 


42. Mixture-control valve 

seat. 

43. Mixture-control shaft. 

44. Mixture-control pin. 

45. Mixture-control valve 

stem. 

5. Mixture-control lever. 

46. Mixture - control stop 

arm. 

24. Throttle-lever stop. 


tube. The fuel is discharged from the end of the 
nozzle through several small passages that end in 
a groove around the nozzle. 

In its passage through the main-discharge nozzle 
the fuel is mixed with air from the main air-bleed, 
which in turn obtains its air from behind the main 
venturi through the passage into which the air- 
bleed extends. The air is bled into the air stream 
through holes in the main-discharge nozzle, and 
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helps to atomize the fuel. The actual metering of 
the fuel is done by the main jet. 

MANUAL MIXTURE CONTROL 

The amount of fuel permitted to leave the float 
chamber is regulated by a needle-type control 
valve, which is located directly above the main- 
metering jet. This valve is operated by a pin 
mounted off center — or eccentrically — on the mix- 
ture-control shaft, and engages the upper end of 
the control-valve stem. At its outer end the 
control shaft carries a lever which is connected 
by a rod to the dash of the airplane. When the 
shaft is turned so as to produce a leaner mixture, 
the needle valve is lowered to its seat, thereby 
restricting the flow of fuel to the main-metering 
jet. 

When the control lever is moved to a richer 
position, the needle valve is raised from its seat, 
and more fuel is admitted to the main-metering 
jet. A stoparm is keyed on the control shaft 
directly beneath the control lever and its motion 
is limited by a stop, thereby preventing the rota- 
tion of the control shaft beyond the full-rich 
position. The stoparm and stop are shown in 
figure 54. An adjusting screw limits the rotation 
of the throttle shaft by striking a stop, so as to 
obtain the most desirable idling speed. 

PRIMING SYSTEM 

The priming system in the carburetor consists 
of a valve on the mixture-control stem, and pas- 
sages arranged so that fuel from the accelerating 
pump passes through the valve to the pump- 
discharge nozzle in the carburetor barrel when the 
mixture-control lever is in the full-rich position. 
Or it passes through the valve to a %-inch pipe 
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tap connection for the engine-primer system when 
the control lever is in the full-lean position. The 
point at which the fuel enters the priming system 
is about 55 degrees from the full-rich position. 

• IDLE SYSTEM 

The idling system, which acts at speeds below 
which the main metering system does not operate, 
is shown in figure 57, which is a section through 
the line D-D, figure 54. The idle tube draws fuel 
from a space around the main-discharge nozzle 
which communicates with the control fuel passage 
in the nozzle. The fuel fiows through the horizon- 


Figure 57. — Idling system of Stromberg NA-R9B carburetor, section through 

D-D, figure 54. 



PARTS SHOWN IN FIGURE 57 


47. Idle tube. 

48. Space around main-dis- 

charge nozzle. 

49. Idle-tuoe holder. 

50. Horizontal fuel passage. 
41. Throttle valve. 

51. Idle-discharge jet. 


52. Idle-discharge adjusting 
lever. 

9. Adjusting -lever quad- 
rant. 

39. Main-discharge nozzle. 

40. Venturi tube. 
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tal idle tube, passing through an idle-metering 
orifice that is drilled through the wall of the idle- 
tube holder in line with the horizontal fuel 
passage. 

The mixture is discharged from the idle tube 
into the carburetor barrel directly above the 
throttle valve, which is very nearly in the closed 
position. The idle system operates up to an 
engine speed of 900 to 1,000 rpm. The discharge 
from the idle tube is regulated by turning the 
idle-discharge jet by means of the adjusting lever, 
which moves over a quadrant — a metal piece form- 
ing a quarter of a circle. The quadrant holds the 
adjusting lever in any desired position. 

ECONOMIZER 

In figure 58, you can see a section of the car- 
buretor as taken through the line B.-B, figure 54, 
This view illustrates the economizer and acceler- 
ator-pump. The economizer acts as an enriching 
device that provides a rich mixture at full throttle 
for greatest power, and a leaner mixture at cruis- 
ing speeds for greatest economy. The economizer 
consists of a needle valve and seat, located in a 
passage between the main-discharge nozzle and 
the float chamber. The needle valve is held on 
its seat by a spring at idling, taxiing, and cruising 
speeds, so that no fuel can flow from the float 
chamber past the needle- valve seat into the meter- 
ing jet below the seat. When an engine with 
a fixed-pitch propeller is running at a speed of 
about 200 rpm below full-throttle speed, a lever 
arm fastened on the throttle shaft — shown in 
section — engages a nut on the economizer needle- 
valve stem and raises the needle valve off its seat. 
The lever arm is shown in figure 54. 

The raising of the needle valve allows fuel to 
flow past the valve and through the metering jet 
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Figure 58. — Economizer and accelerator pump used on Stromberg float-type 

carburetors. 



PARTS SHOWN IN FIGURE 58 


53. Economizer-needle valve. 

54. Economizer needle-valve 

seat. 

55. Economizer needle-valve 

spring. 

56. Economizer-metering 

jet. 

21. Throttle- valve shaft. 

57. Economizer-adjusting 

nut. 

58. Economizer-fuel passage. 


11. Accelerator pump. 

59. Accelerator-pump sleeve. 

60. Accelerator-pump piston. 

61. Accelerator mushroom 

valve. 

62. Accelerator piston 

spring. 

36. Mixture-control needle 

valve. 

37. Main-metering jet. 


into a passage below the jet which communicates 
with the main-discharge nozzle. The position of 
the nut that you will see on the upper end of the 
needle-valve stem, determines the engine speed — 
that is, the position of the throttle valve at which 
the needle valve is lifted off its seat. It is there- 
fore important that this nut be adjusted correctly 
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iu order that the engine will not be operating on 
too lean a mixture at cruising speeds. The econ- 
omizer-metering jet, as well as the main-metering 
jet, is of the fixed-opening type. The size of the 
jets is determined by tests so that no adjustment 
for different operating speeds is required. 

ACCELERATOR PUMP 

The accelerator pump shown in figure 58 pro- 
vides a smooth and quick acceleration of the 
engine by supplying a quantity of fuel in 
addition to that supplied by the regular metering 
system when the throttle is opened quickly. The 
pump is operated from the throttle valve through 
an arm and a lever as shown in figure 55. Going 
back to figure 58, the pump itself consists princi- 
pally of an inverted cylinder, or sleeve, which, 
through the action of the arm and lever, is pressed 
down as the throttle valve is opened. The sleeve 
slides over a piston which in turn slides freely 
on a mushroom-type valve. 

Fuel from the float chamber enters the space 
above the piston through the clearance space 
between the piston and the sleeve. When the 
throttle is closed, or is in any set position, the 
piston is held at the top of the valve by a 
spring, thereby closing off several holes drilled 
in the valve wall, and communicating with a 
central tube in the valve. However, when the 
throttle is opened suddenly, and the pump sleeve 
is pressed down, the piston is forced down by the 
pressure of the fuel above it, thereby exposing 
the holes in the valve wall and allowing gasoline 
to enter the tube at the center of the valve. 
From the tube the fuel flows through the passage 
at the bottom of the carburetor to the main-dis- 
charge nozzle. The illustration also shows the 
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mixture-control needle valve and the main-meter- 
ingjet. 


STROMBER6 NA-R9B CARBURETOR 

The Stromberg na-R9C2 float-type carburetor 
follows the general design of the na-rob model 
just described, but is built with a manual and 

AUTOMATIC BACK-SUCTION TYPE OF MIXTURE CONTROL, 



PARTS SHOWN IN FIGURE 59 


1. Throttle lever. 

2. Throttle valve. 

3. Automatic-mixture c o n - 

trol. 

4. Automatic mixture-con- 

trol passage. 

5. Manual mixture - control 

cover. 

6. Manual mixture - control 

lever. 

7. Vacuum economizer hous- 

ing. 


8. Fuel-inlet plug. 

9. Accelerating-pump lever. 

10. Accelerating-pump hous- 

ing. 

11. Idling-adjusting lever. 

12. Economizer suction noz- 

zle. 

13. Accelerating -pump dis- 

charge nozzle. 

14. Throttle stop. 
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and a venturi suction-operated economizer. It is 
also equipped with a cruise valve that allows a 
manual selection of a lean economical mixture for 
cruising, or a rich mixture for maneuvering and 
climbing, with the same cruising throttle opening. 
Both models employ built-in primers, but the 
primer used on the na-r9C2 model operates on a 
different principle from that described in connec- 
tion with the NA-R9B carburetor. 


O II 



Figure 60. — External front view of Stromberg NA— R9C2 carburetor. 
PARTS SHOWN IN FIGURE 60 


1. Throttle lever. 

5. Manual mixture-control 

cover. 

6. Manual mixture-control 

lever. 

8. F uel-inlet plug. 

9. Accelerator-pump lever. 
11. Idling-adjusting lever. 


14. Throttle stop. 

15. Cruise-valve connecting 

link. 

16. Cruise-valve lever. 

17. Strainer plug. 

18. Strainer housing. 

19. Idling tube. 


The float mechanism, main metering system, and 
idle system of the na-R9C2 model are the same as 
described for the na-R9b model, being character- 
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istic of Stromberg float-feed carburetors, and the 
description of these parts will not be repeated. 
However, the two models differ quite radically in 
their outward appearance, and for this reason the 
' top — or plan — view and the front view of the 
NA-R9C2, shown in figures 59 and 60, respectively, 
will assist you in recognizing this model. 

ECONOMIZER METERING SYSTEM 

The economizer system, which you can see in the 
sectional diagram in figure 61, is, in reality, an 
enriching device operated by the suction in the 
venturi tube. It provides a rich mixture at high- 



Flgure 61. — Diagram of Stromberg vacuum economizer system. 

PARTS SHOWN IN FiGURE 61 

26. Main-metering jet. 12. Economizer suction noz- 

23. Economizer needle valve. zle. 

26. Economizer metering jet. 48. Economizer needle- valve 

34. Venturi tube. seat. 

35. Main-discharge nozzle. 49. Economizer diaphragm. 

2. Throttle valve. 50. Economizer spring. 

41. Main air-bleed holes. 
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power output, and permits a leaner mixture at 
cruising power for maximum economy. The econ- 
omizer consists of a needle valve and its seat, 
located in a passage between the main-discharge 
nozzle and the float chamber. The needle valve is 
suspended from a diaphragm, the other side of 
which is connected through a passage to a suction 
nozzle extending into the venturi tube. 

As the throttle valve is opened, the suction in 
the venturi increases. When it reaches the point 
for which the economizer-valve spring is set, the 
needle starts to open, allowing fuel to. be drawn 
past the needle-valve seat and the economizer jet 
into the main-metering system, and enriches the 
mixture. When the throttle starts to close, a point 
is reached where the tension of the economizer 
spring is greater than the suction pull of the ven- 
turi. The needle valve then drops and closes the 
economizer passage. 

MIXTURE-CONTROL SYSTEM 


The NA-R9C2 carburetor is equipped with a 
back-suction type mixture-control system. In this 
system, as was explained previously, the suction 
existing in the venturi is utilized to decrease the 
fuel flow at altitude by applying a part of the 
suction on the top of the fuel in the float chamber 
to counteract the suction of the venturi on the 
main-discharge nozzle. The manual-control sys- 
tem, figure 62, consists of the operating lever; 
two valve plates, one of which is fastened in the 
body and the other is free to move; a suction 
nozzle that extends into the venturi, and has its 
open end at approximately the same height as 
the main discharge nozzle ; and the necessary con- 
nection passages. 
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Figure 62. — Diegrom of mixture control and cruise valve, Stromberg carburetor 

NA-R9C2. 


PARTS SHOWN 

2. Throttle valve. 

4. Automatic mixture-con- 
trol passage. 

6. Manual mixture-control 
lever. 

20. Cruise-valve connecting 

link. 

21. Cruise-valve lever. 

22. Cruise- valve plates. 

23. Ekionomizer needle valve. 

24. Cruise - valve metering 

jet. 

25. Economizer-metering jet. 

26. Main-metering jet. 

27. Mixture-control plate — 

movable. 

28. Mixture-control plate — 

fixed. 

29. Automatic mixture-con- 

trol passage. 

30. Mixture-control shaft ex- 

tension. 

31. Priming-valve passage. 

32. Primer valves. 

13. Accelerating-pump dis- 
charge nozzle. 

1 


IN FIGURE 62 

33. Mixture-control suction 

nozzle. 

34. Venturi tube. 

35. Main-discharge nozzle. 

36. Automatic mixture-con- 

trol passage to vent 
hole behind venturi. 

37. Automatic mixture-con- 

trol needle.- 

38. Main air-bleeder. 

39. Automatic mixture-con- 

trol. 

40. Main air-bleed arm. 

41. Main air-bleed holes. 

42. Mixture-control passage. 

43. Mixture-control passage. 

44. Idle cut-off passage. 

45. Primer channel. 

46. Auxiliary -pump dis- 

charge passage. 

47. Pipe connection for 

primer. 

48. Automatic-control needle 

orifice. 
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MANUAL FULL LEAN IDLE CUT-OFF 8 

POSITION PRIMER POSITION 

Figure 63.— Mixture-control and cruise-valve position. 


PARTS SHOWN IN FIGURE 63 

20. Cruise-valve connecting 42. Mixture-control passage. 

link. 43. Mixture-control passage. 

21. Cruise-valve lever. 44. Idle cut-off passage. 

22. Cruise-valve plates. 45. Primer channel. 

29. Automatic mixture-con- 46. Auxiliary -pump dis- 

trol passage No. 1. charge passage. 

30. Mixture-control shaft ex- 47. Pipe connection for 

tension. primer. 

31. Priming- valve passage. 




When the manual-control lever is in the full- 
rich position the slots in the two plates mate, 
allowing air to flow from the vent space between 
the venturi tube and in the carburetor barrel 
through the mixture-control passage No. .3, and 
the mating holes in the plates, into the channel 
No. 2, and thence out through the su<5tion nozzle — 
see the detail, of the mixture control in figure 63. 

As the control lever is moved from the full- 
rich to the lean position, it moves the one plate 
around with it, and gradually closes the mating 
opening in the two plates. The flow of air from 
the vent space around the venturi is thereby 
restricted, and the top of the float chamber ap- 
proaches an air-tight condition. Consequently, as 
fuel leaves the float chamber, a vacuum — or suc- 
tion — is produced in the top and the fuel flow is 
reduced. 

The automatic mixture-control unit comes into 
operation when the manual control is placed in 
the automatic position. 

The construction of the automatic-control unit 
is shown more clearly in the enlarged sectional 
view, figure 64. Refer to both this illustration 
and figure 62 while reading the explanation of 
the operation of this device. The unit consists of 
a tapered needle that is operated by a sealed 
bellows. The functioning of the bellows depenUds 
upon the density of the air entering the carbu- 
retor, which varies with temperature as well as 
pressure. The bellows is filled with nitrogen 
which responds to changes in temperature and 
pressure of the air, and oil which serves to 
dampen the tendency of the flexible metallic bel- 
lows to vibrate. As the density of the air 
changes, the bellows expands or contracts, and 
moves the tapered needle in its seat. This 
changes the size of the orifice into which the 
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tapered needle extends, and thus controls the suc- 
tion above the fuel in the float chamber. The 
suction in turn controls the rate of fuel flow from 
the main-discharge nozzle. 

l''he atmosphere vent controlled by the auto- 
matic-mixing valve is through the inclined pas- 



Figure 64. — Automatic mixture-control unit. 


sage No. 2, figure 62, through the mating openings 
in the two valve plates and a passage — referred 
to as the automatic mixture-control passage in the 
illustration — the opening between the control- 
valve needle and its seat, and the inclined passage 
at the left of the control needle, which terminates 
in the space around the outside of the venturi 
tube. When the bellows expands it raises the 
needle valve and moves the tapered portion 
farther into its seat, thus restricting the air pass- 
ing from the air space back of the venturi, and 
bringing about a reduction in the pressure on the 
fuel in the fioat chamber. 
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IDLE CUT-OFF 


The idle cut-off as used on the na-r9C2 car- 
buretor is a part of the mixture-control system. 
When the control lever is placed in the idle cut- 
off position, holes in the two mixture-control 
plates, figure 62, line up so that the high suction 
existing above the thi*ottle acts directly on top of 
the fuel in the float chamber by means of the 
idle cut-off passage. You will observe in the illus- 
tration that the idle cut-off passage leads from 
the holes in the plates to a point above the 
throttle-valve shaft. When the throttle valve is 
closed the suction on the float chamber stops the 
flow of fuel through the idle-discharge nozzle, and 
the engine will cease firing. 

CRUISE VALVE 

In figures 62 and 63, you will see a so-called 
cruise valve, which is operated by a link connected 
to an arm on the mixture-control shaft. This 
valve allows a selection of a lean mixture for 
maximiun economy for cruising, and a richer 
mixture for climbing ^d maneuvering. Th,e 
cruise valve consists of two plates, similar to those 
used in the mixture-control, and a metering jet. 
As you will see in either illustration the cruise- 
valve unit is located directly below the mixture 
control, and is connected up in such a way that, 
when the mixture-control is in any position except 
the automatic-lean position, the holes in the 
cruise-valve plates line up, as shown in figure 63, 
view (5). 

In this position, fuel flows from the float cham- 
ber through the cruise- valve metering jet, and 
then out of the main-discharge nozzle. A richer 
mixture is thus created for maneuvering and 
climbing. With the mixture-control in the auto- 
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matic-lean position, the hole through the cruise- 
valve plates is closed, and a leaner mixture is 
obtained for economical cruising power. This is 
the position shown in figure 63, view (A), 

PRIMER SYSTEM 

There is still another device shown iji figures 
62 and 63 — the primer system. This system is 
also tied up with the mixture-control system, as 
it is operated by an extension of the control shaft. 
When the mixture-control lever is in the primer 
position, the primer valve opens the priming- 
valve passage 31, so that fuel from the channel 
45, which was discharged by the accelerating 
pump, will go out of the tapped opening on the 
top of the mixture-control housing. In all other 
positions of the priming valve, the fuel is dis- 
charged through the accelerator-pump discharge 
passage 46, to the nozzle 13, in the carburetor 
barrel. 


ACCELERATOR SYSTEM 

• 

The accelerator system is of the same construc- 
tion as described in connection with the na-r9B 
carburetor. The accelerator discharge nozzle of 
the Model na-r9C2 is visible in figure 59. 

GENERAL SERVICE SUGGESTIONS 

After installing a float-type carburetor in an 
engine, be sure that the throttle and mixture- 
control levers are connected properly and that 
they have no appreciable play — or backlash. 
Then check the levers with the dash controls to 
see whether they have a full movement in the 
proper direction. Both levers may be swung 
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around relative to their shafts so that they may 
be adapted to any installation. 

After the carburetor and operating mechanism 
are installed properly, check the carburetor and 
all fuel lines attached to it for leaks at the 
required operation pressure, and check all parts 
for tightness and safet}dng before starting the 
engine. 

PRIMING 

The procedure for starting the engine depends 
on the priming equipment and the starting sys- 
tem furnished by the engine manufacturer. At 
the present time, there are two distinct types of 
priming equipment in use, namely, the displace- 
ment plunger-type primer, which is a imit in it- 
self, and the type of primer that is built into the 
carburetor. With the displacement type of 
primer, prime the engine by first turning the 
fuel on, and pushing in the plunger of the primer 
slowly until the fuel pressure registers 3 pounds. 
Pull the plunger out slowly to insure that the 
primer will be completely filled with fuel, and then 
push it in again rapidly so that the fuel will be 
forced through the priming orifices in the cylinder 
in the form of a spray. 

To operate a primer that is built into the 
carburetor, place the mixture-control lever against 
the stop in the priming position, with the fuel 
turned on, and the carburetor fioat chamber full 
of fuel. Then pump with the auxiliary fuel 
pump, if necessary, to fill the fioat chamber and 
slowly operate the throttle valve. Place the mix- 
ture-control in the full-rich, or automatic-rich 
position before attempting to start the engine. 
Experience with each individual engine will show 
you how much priming is required for different 
atmospheric conditions. 
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Ill general, remember that the engine should be 
primed by the system designed for that purpose, 
and overpriming should be avoided. Avoid rapid 
working of the throttle, as this will cause a large 
amount of gasoline to be discharged into the in- 
take system. If the engine should fail to start 
immediately the gasoline would run down into the 
air scoop of an updraft type of carburetor, and, in 
case of a backfire, might cause a dangerous ^e. 
With the downdraft type of carburetor, the gaso- 
line will run down into the induction system and 
either fiood the engine and cause scored cylinders, 
as a result of washing the lubricant from the wall 
of the cylinders. Or, it will run through the 
supercharger drain tube and fall on the deck, or 
warming-up platform, thus creating a serious fire 
hazard. 

After three unsuccessful attempts to start the 
engine by priming, remove the spark plugs and 
spray a small amount of warm oil into each cyl- 
inder to insure proper lubrication and compres- 
sion and prevent damage to the cylinder walls. 
Should an engine be permitted to stand idle for a 
day or more after attempting unsuccessfully to 
start it, protect the piston rings and cylinder walls 
from rusting by a fresh application of oil. 

A discharge of fuel from the supercharger does 
not necessarily indicate overpriming in cold en- 
gines during cold weather. Since only the lighter 
fractions of the gasoline vaporize at low tempera- 
tures, the heavier fractions will remain as a liquid. 
A certain amount of the fuel that doesn’t vaporize 
collects in and drains from the supercharger. At 
low temperatures, it is possible for the engine to 
be insufficiently primed even though fuel is fiow- 
ing from the supercharger. The presence of raw 
fuel in the exhaust collector, however, is an indi- 
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cation of sufficient priming, and may be an indica- 
tion of overpriming. 

Overpriming may prevent the engine from fir- 
ing, or may result in only a few explosions, with 
white smoke coming from the exhaust. 

In case the engine has been overprimed, it will 
be necessary to clear the cylinders and induction 
system of the excess fuel. This may be done by 
turning the engine over several revolutions in the 
normal direction of running — ^not backwards — 
with the throttle wide open. When the exhaust 
valves open, the excess fuel is forced out. If the 
carburetor has an idle cut-off, place the mixture 
control in the idle cut-off position. Turning the 
engine backwards will not help to rid the cylinders 
of excess fuel. It will clear the cylinders but will 
deposit the excess fuel in the induction, whence it 
will be drawn back into the cylinders when the 
engine is turned forward again. 

STOPPING WITH IDLE CUT-OFF DEVICE 

When the engine has idled long enough to cool 
off properly, place the mixture-control in the idle 
cut-off position with the throttle closed. When 
the engine stops firing and the propeller comes 
to a complete stop turn the ignition switch to the 
OFF position. If the engine has idled for a long 
period, considerable fuel may have collected in 
the induction system and the engine will not stop 
promptly when the idle cut-off device is operated. 
This trouble can easily be overcome by opening 
the throttle to a position which would ordinarily 
give 500 rpm, and the engine will stop at once. 

All airplanes equipped with carburetors having 
an idle cut-off feature have the last 10 degrees 
on the lean side of the mixture-control segment in 
the cockpit marked red, to show the correct posi- 

181 


Digitized by Google 


Original from 

UNIVERSITY OF CALIFORNIA 



tion of the mixture-control lever for stopping the 
engine. 

ADJUSTMENTS 

Adjustments made by operating personnel on 
float-type carburetors are those of the idling speed 
and mixture. The following instructions will 
cover these points, and you should follow them 
carefully and in the order given when adjusting 
the carburetor. 

First, set all idle-mixture adjustments in the 
mid position of their travel before starting the 
engine. Next, run the engine long enough and 
at a speed high enough to insure that all spark 
plugs are firing, and set the throttle stopscrew at 
a point that will give a speed of 450 to 500 rpm. 
Note the manifold pressure. If the engine has 
been run at high speed and is quite hot, allow it 
to idle at approximately 1,000 rpm for 5 minutes 
before attempting to set the idle adjustment. 

When the engine speed has been stabilized move 
all the idle adjustments one notch leaner. Repeat 
the procedure until the setting has been deter- 
mined at which the manifold pressure is the 
lowest and the engine speed the highest for the 
fixed-throttle position. The increase in engine 
speed is usually noticeable by the sound. If, after 
you have moved the adjustments one or two 
notches, the speed decreases and the manifold 
pressure increases, return the adjustments toward 
the rich side, one notch at a time, imtil the revo- 
lutions per minute of the engine become a maxi- 
mum and the manifold pressure a minimum. 
Wait at least 15 seconds after each change to be 
certain the conditions are stabilized. 

With the idle-mixture adjustment levers re- 
maining fixed, reset the throttle-stop adjusting 
screw for an engine speed of 450 to 500 rpm, and 
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repeat the procedure described in the preceding 
paragraph until you are certain that the mixture 
is the best obtainable at the reduced throttle 
opening — ^that is, the greatest engine" speed and 
the lowest manifold pressure at the fixed-throttle 
position. You will sometimes find it necessary 
to repeat this last step two or three times to 
insure proper engine operation. 

In case the engine operation is apparently the 
same in any of several notches, place the adjust- 
ment levers in the notch giving the leanest 
position, but under no circumstances lean the 
idle-mixture levers beyond the point of maximum 
speed. Such action would result in hard starting, 
continual backfiring during the warm-up period, 
and poor acceleration. 

To prevent the idle-discharge nozzles from 
being ‘^frozen” to the body of the carburetor by 
corrosion, move the idle-adjustment lever that 
rotates the idle-discharge nozzle in the throttle- 
valve,' at every 30-hour check. 

When any part of the mixture-control and the 
primer shaft of the na-r9b carburetor are being 
replaced, take particular care that they are assem- 
bled correctly. Lap the primer valve to its seat 
with a very fine grinding compound. When the 
lapping is finished, check the valve carefully to 
see that it shuts off the fuel from the accelerating- 
pump discharge nozzle, when the mixture-control 
is in the full-lean position and the throttle is 
operated. Be sure to assemble the lever stop in 
the correct position relative to the offset — or ec- 
centric — ^pin that operates the mixture-control 
needle. To do this, first make up the complete 
assembly, including the lever, and the indicator 
j)late and nut, and assemble it in the body. Hold 
the lever stop against the screw with the large 
head — ^the full-rich position — and turn the shaft 
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until the bottom of the pin is exactly .330 inch 
from the lower edge of the shaft. This dimension 
is indicated in figure 65, being measured between 
the points of the two arrows. When this adjust- 
ment has been made, drill a small hole through 
the stop and into the shaft, and drive a pin into 
it, so as to hold the stop permanently in place. 



k-STOP ARM 


Figure 65.— Correct setting of mixture-control stop and stem. 

The mixture-control needle is screwed into the 
needle holder, and the needle should be adjusted 
in the holder so that it will have a travel of 
inch, and give a lever travel of from 75 to 80 de- 
grees. Under no circumstances should the needle- 
valve travel be more than ^%4 inch, but no harm 
is done if it is %4 inch less. Make an approxi- 
mate adjustment before assembling the needle 
valve in the upper part of the carburetor, by set- 
ting the bottom of the holder slot ^%2 u^ch from 
the main body parting surface with the needle 
valve held against its slot. You will see this posi- 
tion in figure 66, view (A), 

Having made this preliminary adjustment, as- 
semble the two halves of the carburetor, and check 
to see if the needle has ^%4 inch — or slightly 
less — ^travel, as stated. Check the travel by re- 
moving the jet and plug below the needle, and 
screwing into the plug threads the device shown 
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in view (fB). Measure the travel of the tubing 
when the needle valve is moved from its full-rich 
position — stop arm against stop lug — ^to the full- 
lean position in which the needle valve is on its 
seat. When the adjustment is correct, pin the 
needle in place in the holder, as shown. When 



Figure 66.-^renminQiy adjustment of mixture-control needle volve and holder 

on NA-R9B carburetor. 

assembling the needle in the carburetor, place the 
open end of the slot in the holder away from the 
pump mechanism. 

OVERHAULING FLOAT-TYPE CARBURETORS 

Disassembly. — Each time that the engine is 
given a complete overhauling, disassemble the 
carburetor for cleaning and inspection. You will 
find the order of procedure given here a good one 
to follow. 

Remove the carburetor, the hot spot, and air in- 
take, or heater, from the engine. Separate the 
halves of the carburetor by removing the screws 
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that hold them in place, and also remove the venturi 
set-screw. The economized needle, the mixture- 
control needle, pump sleeve, and the venturi will 
be held in the throttle body. 

Slip the accelerator-pump sleeve off the operat- 
ing stem as soon as the parts are separated, as it 
is a brass stamping and is easily bent if allowed 
to drop to the floor or bench. 



Figure 67. — Wooden plugs for removing venturi from carburetors NA-R9B and 

NA-R9C2. 

If necessary to remove the venturi tube, drive 
it out with a wooden plug made somewhat as 
shown in figure 67, the plug for a na-r9b carbu- 
retor being shown in view (A), and that for the 
NA-R9C2 in view (B), 

Remove all parts of both assemblies, with the 
possible exception of the idle discharge-jet 
assemblies. 

CLEANING AND INSPECTION 

Clean the carburetor bodies and all parts thor- 
oughly with gasoline, and blow out all passages 
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with compressed air. Check all parts that have 
variable sizes to see that the sizes used are in 
accordance with the latest specification sheet for 
the engine on which you are working. Inspect all 
moving parts to see that they move freely but do 
not have excessive clearance. 

REASSEMBLING 

When reassembling the carburetor, there are 
two important points that you must observe when 
putting in the headless screws. Below the fuel 
i^VEL, assemble all headless screw plugs with 
SHELLAC, but be careful that none of the shellac 
gets on the end of the plug where it will come in 
contact with the fuel, and be carried into one of 
the metering orifices. Above the fuel level, 
place a compound of graphite and castor oil on 
the threads of headless-screw plugs and other 
parts that screw into the body. 

Fit the throttle valve so that when it is in its 
closed position practically all light will be shut 
off. If a new float needle valve or needle-valve 
seat is needed, replace both assemblies at the same 
time. It is very difficult to fit a new needle to an 
old seat, or a new seat to an old needle. 

Place a new gasket under the needle-valve seat 
and then check the float level. This should be 
done under the same conditions that would exist 
in service as regards the fuel used and the pres- 
sure, or head, at the carburetor. The float level 
should be three-fifths of an inch, and you can make 
an adjustment, as necessary, by varying the thick- 
ness of the gasket under the needle-valve seat. On 
carburetors that have a %6-inch needle-valve — 
which is the type used with a gravity-feed system 
in which the head is less than 97 inches — use a 
1-pound pressure when setting the fuel level. 
Carburetors used with gravity systems having a 
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fuel head of more than 97 inches, or with a fuel- 
pump system, are equipped with a 196-inch 
needle-valve seat, and have the fuel level set at a 
3-poimd pressure. Be sure to note this difference 
in setting the float level. 

If the level is found to be incorrect after 
reassembling, remove the needle valve and install 
thicker gaskets under it to lower the level and 
thinner gaskets to raise the level. The reason 
for this is that the higher the seat, the sooner the 
needle valve will come in contact with it and shut 
off the fuel. A change in gasket thickness of Vo 4 
inch will change the fuel level approximately 
%4 inch. 

ECONOMIZER 

The position of the economizer-needle adjusting 
nut in the na-r9b carburetor determines the 
engine speed at which the needle is lifted off its 
seat. Be absolutely sure that this is set correctly 
in order that the fuel mixture will not be too 
rich at cruising speeds, or too lean near full- 
throttle openings. You will find the throttle 
opening at which the economizer should come 
into action given in the specification sheet as the 
ECONOMIZER SETTING. This is the travel in degrees 
of the throttle-valve lever from its closed posi- 
tion to the point where the forked lever on the 
throttle shaft engages the nut on the top of the 
economizer needle. 

To find the angle that the throttle valve makes 
with the horizontal fiange surface of the carbure- 
tor when the economizer comes into action, add 
the angle at which the throttle valve stands when 
in the nornial closed position to the angle through 
which the economizer lever moves to come into 
contact with the economizer adjusting nut. Thus, 
if the angle of the throttle valve is 20°, for in- 

188 


Digitized by 


Google 


Original from 

UNIVERSITY OF CALIFORNIA 



stance, and the economizer setting is 30°, the 
angle that the throttle valve makes with the hor- 
izontal flange is 20° +30° =50°. This all sounds 
rather complicated, but a look at flgure 68 will 
enable you to understand it without difficulty. 

In case it is necessary to replace the mixture- 
control valve plates in a na-R92 carburetor, lap 
them in with a very flne lapping compound, so 



Figure 68. — Method of measuring angle at which economizer comes in on 

NA-R9B carburetor. 


that there will be no possibility of an air leak. 

When the assembly of this carburetor is com- 
pleted, set the economizer to open at the point 
specifled on the speciflcation sheet. To set the 
economizer, proceed as follows, using flgure 69 as 
a guide. 

Plug up the suction tube that extends through 
the wall of the venturi, then remove the %-inch 
pipe plug from, the side of the economizer cover, 
and, at this opening, make a connection with some 
source of vacuum. Remove the ^%2 plug from 
the economizer adjusting screw in the center of 
the cover, and insert through the opening the leg 
of an Ames dial gage, so that it will rest against 
the economizer-needle stem. Connect a water 
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manometer at the ^%2 connection shown at tlie 
right-hand side of the illustration, so that the 
correct suction applied to the vacuum chamber 
will be read in “inches of water/’ Now apply 
suction to the chamber and watch the Ames gage 
and the water manometer carefully. 



Rgure 69.— Method of setting economizer on NA-R9C2 carburetor. 

At the exact instant the Ames gage pointer 
starts to move — indicating that the economizer 
needle has started to move — ^note the manometer 
reading. If the economizer opening point differs 
from that specified on the specification sheet, 
loosen the locknut on the adjustment screw, and 
turn the screw until the correct opening point is 
indicated. 

Since it is essential that there be no leaks 
around the carburetor gasket or at other assembly 
points, you should make an under-water test of 
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the carburetor before installing it on the engine. 
To do this, assemble plates and gaskets to both 
carburetor flanges, and apply an air pressure of 
3 to 5 psi to the inside of the carburetor through a 
connection made in one of the plates. Immerse 
the carburetor and watch for air bubbles. Never 
apply more than 6 psi pressure, as this would be 
liable to damage the float. Mark any points of 
leakage and make the necessary repairs. 

Finally, safety-wire the carburetor before in- 
stalling it on, the engine. 
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CHAPTER 8 

STROMBERG INJECTION CARBURETOR 
WHAT IS IT? 

So far, you have become acquainted with only 
one type of carburetor — the float-feed type — which 
is more or less imiversally familiar because of its 
long association with automobiles. From here on,, 
you will meet up with carburetors that operate on 
entirely different principles. If you And the go- 
ing a little rougher, it may stiffen your backbone 
to know that various manufacturers of airplane 
engines and carburetors in this country submerged 
their individual interests and pooled their re- 
sources to produce these carburetors, and thus 
give our flghting airplanes the flnest fuel-handling 
equipment in the world. And in a war such as we 
are now flghting — where no holds are barred — 
this superiority gives us a decided edge on enemj^ 
flyers. Of course, our airplanes have other points 
of superiority, but the fact remains that the best 
aircraft is no better than the fuel on which it 
operates, and the mechanism that dispenses the 
fuel to the engine. 

The Stromberg injection carburetor — which is 
the first of the non-float feed type to be taken up 
here — differs from the conventional carburetor, in 
that it employs a closed-feed system from the 
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fuel pump to the discharge nozzle. The fuel spi 
is atomized under positive pump pressure, ai 
metered through orifices according to the venti 
suction. The injection carburetor is an asseml 
of five separate units, each of which has its o^ 
individual duty and function. These are the thrc 
tie body, a mixture-control unit, a regulator 
a fuel-control, unit, and usually an adapter- 
pending upon the engine installation. To assij 
you in understanding the fimction of these diffc 
ent parts, and their relation to each other, th^ 
are shown in the schematic view, figure 70. Plej 
follow this diagram closely in reading the f( 
lowing description. 

The THROTTLE BODY, which is somewhat simile 
to that of the fioat-feed carburetor, consists of oi 
or more barrels, each of which contains a lari 
venturi, a small or boost venturi, and a butterfly 
type throttle valve. The number of barrels 
governed mainly by the size and air capacity 
the engine. In supercharged engines of lar^ 
horsepower, two, three, or four barrels may 
required to provide proper distribution and prj 
vent the starving of cylinders at high engii 
speeds. The letter in the model designation of tl 
carburetor indicates the number of barrels, as 
for double-barrel, and T for triple-barrel, and tl 
number indicates the outside diameter of the 
buretor barrel. The venturi may be machined 
any of a number of diameters for a given ban 
size, in order to meet the airflow requirements 
different engines. 

When the engine is running, the suction create 
at the throat of the small venturi is a measure 
the amount of air taken into the engine, and whej 
corrected for changes in air density by an aut( 
matic mixture-control unit, as will be explaine 
further on, it becomes a measure of the mas 
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(weight) airflow, and is applied to an air dia- 
phragm to regulate the fuel-metering pressure. 

The fuel-discharge nozzle is located in the 
adapter, if one is used, and as far beyond the 
throttle as possible. Since only air passes 
through the carburetor, this arrangement serves to 
prevent the formation of ice in the carburetor 
which might form as a result of the vaporization 
of fuel. However, the temperature of the air in 
the air scoop must be above freezing to prevent 
icing, if there is moisture present. 

The air flow through the carburetor is con- 
trolled by the butterfly throttle valves which are 
synchronized — they open and close in exact 
unison — and are operated by the throttle-valve 
lever. A rotary valve to bypass the automatic 
mixture-control and make it inoperative is in- 
cluded in the throttle body, and is connected 
through suitable linkage to the mixture-control 
lever. The automatic mixture-control unit is 
mounted on the throttle body, and maintains a 
correct fuel-air ratio in the carburetor, under 
conditions of varying atmospheric pressure and 
temperature. 

Another of the carburetor units mentioned is 
the PRESSURE-REGULATOR UNIT, which is fastened to 
a flange on the throttle body and automatically 
adjusts the fuel flow and pressure across the 
metering jets in proportion to the air flow through 
the throttle body. Fuel enters the regulator 
through a strainer unit and the flow is regulated 
by an air diaphragm, a fuel diaphragm, and a 
balanced valve, all mounted on one stem. A vapor 
separator is provided in the strainer chamber to 
prevent vapors from entering the regulator and 
forming a vapor-lock. The separator consists of 
a small vent valve held closed by a float, which is 
normally submerged in the fuel in the strainer 
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chamber, and which drops to allow vapors to 
escape through the vent connection at the top of 
the chamber, as the pressure of the vapor causes 
the level of the liquid to lower. 

The FUEL-CONTROL UNIT is attached to the regu- 
lator, and contains the metering jets, fuel-head 
power-enrichment valve, idle valve, and manually 
operated mixture unit. The mixture-control unit 
consists of a manually operated lobed valve which 
rotates over a drilled stationary valve, the parts 
being shown separately at the upper right-hand 
corner of the diagram. The holes in the sta- 
tionary valve are connected by channels to the 
various metering jets, and their operation is con- 
trolled by the movable plate. The idle valve is 
connected to the throttle lever by suitable linkage 
and controls the mixture for idling speed. A 
knurled screw is provided on the outside of the 
carburetor to adjust the idle mixture. A throttle 
stop is provided to give the approximate speed 
desired and the idle mixture is then adjusted for 
smooth operation. 

A line supplies fuel from the control unit to 
an ADAPTER in correct proportion to the engine 
speed and the airflow through the barrels of the 
throttle unit. The adapter unit is placed between 
the carburetor and the supercharger, and consists 
of a vacuum-operated or throttle-operated accel- 
erator pump, and nozzles that spray the fuel 
evenly across the face of the supercharger. 

HOW IT WORKS 

Now, you have a general impression of the 
layout of the Stromberg injection-type carburetor, 
and can go a little further and see how it works. 
Don^t worry about the actual constructional de- 
tails — ^we’ll get to them in good time — but be sure 
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first that you understand how the carburetor 
functions. 

Referring again to figure 70, air enters the 
carburetor through the air scoop, which may be 
provided with a valve so that the air can be taken 
from inside or outside the cowling. Hot air to 
the carburetor is not required under normal con- 
ditions, but at times, such as when ice. is forming 
on the airplane, there may also be a tendency 
for ice to form on the screen of the air scoop, 
and this tendency may be eliminated by an air 
duct inside the cowling. 

As air enters the carburetor barrel from the air 
scoop, part of it goes through the boost venturi, 
and part goes around the boost venturi and 
through the main venturi. A number of tubes, 
known as impact tubes, are open at one end 
to the main venturi, and at the other end to a 
space around the main venturi, which is in com- 
munication with the automatic mixture control. 
Part of the air entering the carburetor goes 
through these impact tubes, and as the pressure 
of the air through the tubes is the same as that 
entering the carburetor, the tubes register scoop 
pressure. 

The outlet of the boost venturi is at the throat 
of the main venturi, so that, as the name implies, 
the suction produced at the throat of the boost 
venturi is several times as great as that at the 
throat of the main venturi. This results in a 
marked increase in the metering range, and in the 
accuracy of the mixture regulation. The resist- 
ance or the loss of airflow capacity of the main 
venturi, because of the use of the boost venturi, 
has been proven by tests to be very small. 

A particular feature of the Stromberg injector 
carburetor is that no fuel is discharged into the 
venturi, and this gives a greater airflow since the 
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flow capacity of a venturi is greater when only 
air flows through it. The throttle is located at 
the bottom of the throttle body and above the fuel- 
discharge nozzle, so that it will not be chilled by 
the temperature drop resulting from the vapori- 
zation of the fuel. The effect of pressure drop 
between the top and bottom flanges of the injec- 
tion carburetor is very little in contrast to other 
types of carburetors. This means that for the 
same weight of air passing through the carburetor, 
there will remain a constant mixture even though 
the revolutions per minute of the engine, are var- 
ied or the throttle opening is changed. 

The pressure-regulator unit controls the flow of 
fuel from the supply line. It consists of an air 
section and a fuel section, both assembled as a 
single unit. The air section is divided into chamb- 
ers — marked A and B, in figure 70, for easy identi- 
fication — by means of a diaphragm. The fuel 
section, which is of the same capacity and acts on 
the same pressure difference as the air section, is 
divided into two chambers — marked C and D — ^by 
a second diaphragm. A poppet valve moimted on 
a stem that is supported in suitable guides, is at- 
tached to the diaphragms so that any movement 
of the diaphragms will cause a corresponding 
movement of the valve. When the engine is in 
operation, the difference in pressure acting on 
the diaphragm in the air section and that in the 
fuel section of the regulator, automatically regu- 
lates the fuel flow by opening and closing the 
poppet valve. 

If you will take a good look at figure 70 again, 
you will see that the small — or boost — ^venturi is 
connected by an air passage leading from the 
venturi throat to the air chamber B of the air sec- 
tion, and the chamber B is therefore subject to 
venturi suction. The chamber A on the other side 
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of the diaphragm, you will observe, is connected 
through a channel that leads from a space around 
the large venturi which is open to the air scoop 
through the impact tubes. The chamber A is 
therefore under scoop pressure. The pressure 
difference between the two chambers is a measure 
of the air flow through the carburetor. The ac- 
tion of the control unit, is as follows — 

When the throttle valve is open, a pressure is 
created in the chamber A by the flow of air 
through the impact tubes. At the same time, the 
reduced air pressure at the throat of the boost 
venturi causes air to be drawn from the chamber 
B and lowers the pressure in that chamber. The 
imbalanced pressure on the diaphragm between 
the two chambers causes the diaphragm — and 
hence the poppet-valve shaft — to move to the right 
and open the valve in the fuel section of the 
regulator. This is the air-metering force, and 
when it is decreased by closing the throttle, the 
diaphragm moves back to the left and closes the 
valve. 

An engine-driven fuel pump delivers fuel to the 
carburetor at the inlet shown whence it passes 
through the strainer screen and the poppet valve 
as unmetered fuel into the chamber I?. All fuel 
chambers and passages are indicated in red on the 
diagram, that part of the fuel under pump pres- 
sure being further indicated by crossed parallel 
linesi — ^known as cross-hatching. You will see 
the float and needle valve of the vent in the 
strainer chamber just above the screen. As has 
been stated before, precautions must be taken in 
airplane systems to overcome the tendency toward 
vapor-locks, and this is done in the strainer 
chamber by means of the vent. When there is a 
sufficient accumulation of fuel vapor in the cham- 
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ber to allow the float to lower, the needle val 
drops with the float lever, and permits the vap 
to escape through the vent line until the strain 
chamber is again fllled with fuel. The fuel flo 
out of the chamber D to the fuel control shown 
the right-hand end of the diagram. This stra 
ASSEMBLY is shown also in flgure 71, in its prop 
relation to the regulator unit. 

IDLING RANGE 

The fuel enters the control unit past an i 
valve, which meters the fuel during the flrst 1 
of throttle opening. The idle valve in the mete 
ing position is shown in the small separate secti 
directly below the control unit. At throttle ope 
ings above 10°, the idle valve is moved out to i 
full-open position and the mixture is controll 
by the metering jets, the power-enrichment valv 
and the manually-operated mixture selector, 
will be explained later. The maximum richne 
that can be obtained within the idling rang 
from 0 to 1,900 pounds of air per hour — ^is deteri 
mined by the setting of the idle spring. This i 
the flat-blade spring that you will see above an 
to the left of the poppet valve. The adjustme 
screw — ^which you can also see — is located on th 
back of the regulator. At idling conditions, th 
metering force caused by the movement of th 
diaphragm in chamber A of the mixture-regulato 
unit is not great enough to open the poppet valve 
but the idle spring holds the valve open suf 
ficiently to give the necessary fuel flow and meter 
ing pressure at idling. 

The idle-spring setting is too rich for norma 
operation. The necessary adjustment for idlin 
is made by varying the position of the contoure 
idle valve in the fuel-control unit. The idle valve 
is connected by suitable linkage to the throttle 
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valve, so that the idle valve is completely opened 
at about 10 degrees of throttle opening. An 
adjusting screw for the idle valve is provided on 
the operating lever. 

The unmetered fuel flowing out of chamber B 
enters the fuel-control unit through the lower 
connecting flange, and is metered through the idle 
valve with a metering head equal to the pressure 
difference between chambers C and D in the mix- 
ture-regulator unit. You can grasp this if you 
stop to think that when a flexible partition such 
as a diaphragm separates two compartments, both 
filled with a liquid — ^which is practically incom- 
pressible — a movement of the diaphragm in one 
direction or the other means that something has 
to “give,’’ and when an outlet is provided the 
liquid will naturally escape through it. 

The fuel having passed the idling valve is now 
considered as metered fuel — pink color, as shown 
in the detail in the lower right-hand corner of 
figure 70 — ^and passes through the automatic-lean 
metering jet and out through the control plate 
and the fuel line to the spray nozzles. Different 
adjustments of the idle-valve adjusting screw 
give the necessary variations of idle-mixture 
ratios in the low-throttle range. 

CRUISING RANGE 

When the throttle valve has moved beyond 10 
degrees, the idling valve is wide open and the 
metering shifts from the opening between this 
valve and its seat to the automatic-lean meter- 
ing JET, and the automatic-rich metering jet. 
When the mixture-control lever is in the auto- 
lean position, the lobes of the movable control- 
mechanism plate cover the opening from the 
automatic-rich metering jet, as shown in the 
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ATJTO-LEAN position of the valve at the top of figure 
70. The only opening through which the fuel 
can pass to the discharge nozzle is then from the 
automatic-lean jet, and the fuel fiow is reduced. 
The passage of the fuel through the control unit 
in the atjto-lean position is shown in the sche- 
matic diagram, figure 72. 

AUTO LEAN 



PASSAGE FPOM AUTO- 
RICH METERING JET 
CLOSED 

PASSAGE FROM 
AUTO- LEAN 
JET OPEN 



TOMATIC-LEAN 
METERING JET 


AUTOMATIC-RICH 
METERING JET 

power- 

enrichment 

METERING JET 


Figure 72. — Stromberg injection carburetor in automatic-lean position. 


To obtain the additional richness of the mixture 
required for the power range, the carburetor is 
provided with a fuel-head power-enrichment valve 
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as a part of the fuel-control unit. By looking at 
figure 70, you will observe that this device consists 
of a stem, one end of which carries a tapered 
head, with the other end anchored in a diaphragm. 
The diaphragm is operated by the pressure of the 
unmetered fuel, which enters a chamber behind 
the diaphragm through a channel leading to the 
fuel inlet of the fuel-control unit. The extent of 
this pressure depends upon the difference in pres- 
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Figure 73.— Stromberg injection carburetor in automatic-rich position— power 

enrichment valve closed. 
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sure of the unmetered fuel in chamber D of the 
mixture-control unit and that of the metered fuel 
in chamber C. These pressures depend upon the 
mass — or weight — of airflow to the engine. 

With the manual control valve in the fctli> 
RTCH position — see view of valve at top of flgure 
70 — and the throttle is opened up, the mass-air 
flow to the engine increases and the fuel-head 
power-enrichment valve starts to open. Then 
part of the fuel entering the fuel-control unit 
flows through the automatic-lean metering jet, 
another part through the automatic-rich meter- 
ing jet, and still another part through the enrich- 
ment valve. The paths of the. fuel just before 
the enrichment valve opens is shown m the 
schematic view, flgure 73. As the engine speed 
increases, and with it the mass airflow through 
the carburetor, the enrichment valve is moved 
further away from its seat, and because of its 
tapered seat allows more fuel to go through the 
valve. 

The rate of enrichment with increased power 
is also dependent upon the rate of the sprtug on 
the enrichment-valve stem. This spring is some- 
what similar to the familiar automobile valve 
spring, and operates in much the same way to 
close the enrichment valve when the pressure on 
the diaphragm lessens. 

IDLE CUT-OFF 

The idle cut-off, which is provided for stopping 
the engine, is obtained by moving the manual- 
control lever to the extreme limit of its travel in 
a counterclockwise direction. When in this posi- 
tion, the lobes of the movable valve completely 
cover the holes in the lower fixed plate — as you 
will see in the last diagram of the control valve 
at the top of figure 70, thus cutting off all fuel 
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flow except that through the very small oriflce 
venting the top of chamber D to chamber C in the 
regulator unit. This flow is insufficient to nm 
the engine. It is only when the manual-control 
lever is in idle cut-off position that the regula- 
tor fill valve is closed. The closing of this valve 
prevents metered fuel — ^pink color — ^from flowing 
through the fill valve to the channel C of the 
regulator. 

While you’re having a breathing spell, here’s a 
quick summing up on the operation of the fuel- 
control unit. The idle valve is operated by the 
throttle. A pilot’s manual-control lever is con- 
nected to give in one extreme position an “idle 
CUT-OFF,” then, in succession, a position for auto- 
matic-lean cruise — ^auto lean — ^in a position for 
automatic rich cruise — auto rich — and finally the 
opening of the fuel-head power-enrichment valve, 
which will give a full-rich setting. 

In all positions, except for the idle and fuel- 
enrichment valve, ALL MANUAL MIXTURES SETTINGS 
ARE AUTOMATICALLY HELD UNIFORM THROUGH 
CHANGES OF ALTITUDE AND TEMPERATURE, AND THE 
DESIRED FUEL-AIR RATIO IS NOT DISTURBED BY CHANGE 
OF THROTTLE POSITION, ENGINE SPEED, OR PROPELLER 
PITCH. 

Now let’s take a little closer look at the pres- 
sure-regulator unit, which is shown in better 
detail in the sectional unit, figure 74. In addition 
to the fuel and air diaphragms previously men- 
tioned, you will notice a pair of smaller opposed 
sealing diaphragms — one in chamber A and the 
other between chambers C and D. A small bal- 
anced diaphragm is also used on the poppet valve. 
The diaphragm, spacers, and the poppet valve 
are assembled on one stem and moved as a single 
element. 

The regulator unit is fastened to the throttle 
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body and the fuel-control body. You will see out- 
lined in dotted lines, the passage in the throttle 
body that connects the chamber A with the im- 
pact tubes through the automatic mixture-control 
channel, and the channel that connects the boost 
venturi with the chamber B. A fuel passage- 
way — ^pink — shown in figure 70, leads from the 
chamber <7 through the top flange to the metered 
side of the fuel-control unit. The purpose of this 
passage is to permit air or vapor in chamber O 
to pass into the control unit, and thence out of 
the carburetor. You will see from both figures 
70 and 74, that fuel under pressure from the 
supply pump enters the mixture-regulator unit 
through the strainer and vapor separator, passes 
through the poppet valve into the chamber D, 
through a passage in the bottom flange of the reg- 
ulator unit, and to the metering jets in the fuel- 
control unit. A return passageway through the 
bottom flange permits metered fuel to fill the 
chamber C at metered pressure. 

In figure 74, you will see at the right-hand side 
of the mixture regulator, a small passageway with 
a control air bleed, which connects the top of 
chamber G to the top of chamber D. Air collect- 
ing in chamber B passes through the bleed to C, 
and is carried out of the regulator with the 
metered fuel. 

AUTOMATIC MIXTURE-CONTROL UNIT 

The automatic mixture-control unit is used on 
all Stromberg injection carburetors, and is of the 
same type as already described in connection with 
float-type carburetors. The unit is furnished in 
several types, having variations in the covers, 
screens, size of the threads on the mounting bases, 
and the taper of the needles. The same bellows is 
used in all types. 
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The bellows and springs are carefully calibrated 
to insure the proper response rates. The valve 
points are specified by letter and number to desig- 
nate their taper. The complete calibrated unit 
is a self-contained assembly which is screwed into 
the throttle body. In making an installation of 
an automatic mixture-control unit, therefore, be 
sure that you use the same type as the one 
removed. 

The automatic mixture-control seal and needle 
are assembled in the passage behind the venturi, 
to which passage the impact tubes are connected, 
and the needle controls the part of the impact 
pressure that is imposed upon the diaphragm in 
chamber A., By providing the proper taper on 
the mixture-control needle, the air metering force 
can be regulated to maintain a constant mixture 
at varying air-scoop densities. In the manual set- 
ting of the mixture control, the round valve is 
rotated so that its slot is vertical, and the position 
of the automatic unit has very little or no effect 
on the mixture. 

ADAPTERS AND ACCELERATOR PUMPS 

The spray, or discharge, nozzles are usually 
mounted so as to spray the fuel into the super- 
charger. If the design of the engine itself does 
not allow for the mounting of the nozzles, they 
can be mounted in a so-called adapter casting, 
which is placed between the supercharger and the 
carburetor. When an adapter is used, an acceler- 
ator pump may be mounted on the adapter, or it 
may be mounted at some other point. In figure 
75 you will see a double-diaphragm accelerator 
pump, which is operated by vacuum. This type 
of pump performs the double function of causing 
an accelerating discharge through a spring-con- 
trolled check valve and passage directly into the 
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air stream before it enters the supercharger, and 
also causing an extra — or accelerating — discharge 
through the regular spray nozzles. Two dia- 
phragms are required to produce the compound 
action, which takes place in the following manner. 

The metered fuel from the control unit of the 
carburetor passes through a pipe on the outside 


OtSCKARGE 
NOZZLE 


PUMP OISCHAROE VALVE 
FUEL CHAMBER A 


METERED FUEL 
“ NOZZLE 
PRESSURE. 



MOCTURE TO ^-i 

SUPERCHAROER 

.• > ’ *. 
•N i "\ 


FUEL CHAMBER B 


PUMP-VALVE OUPHRABM 
PUMP OIAPHRAOM 


PUMP CONTROL BLEEDS 
MANIFOLD SUCTION CHAMBER C 
ACCELERATING PUMP-CHARGES 
AT LOW MANrOLO PRESSURES, 
CLOSED THROTTLE. DISCHARGES 
WHEN THROTTLE OPENS. 

r— METERED FUEL FROM FUEL- 
CONTROL UNIT 


Figure 75.— Injector carburetor adapter with double-diaphragm accelerator pump. 


of the carburetor and enters the adapter, whence 
it enters a channel leading both to the discharge 
nozzle and to the fuel chamber A of the accelera- 
tor pump. The pump discharge valve is held to 
its seat by a coiled spring, which is backed up by 
a diaphragm, except during an accelerating 
charge. By looking at figure 75 closely, you will 
see a small channel that leads from the fuel 
chamber to a small metering opening, a control 
bleed thus being effected from chamber A to 
chamber B on the other side of the diaphragm. 
You will note still another passage leading from 
the vacumn chamber C to the carburetor barrel 
just below the throttle. 

When the throttles are closed, the pressure be- 
low them is reduced, and therefore the pressure is 
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reduced in the vacuum chamber C. The differ^ 
ence in the pressure between the fuel chamber B 
and the vacuum chamber C produces a force that 
moves the diaphragm between the chambers out- 
ward — to the right in the illustration — on a so- 
called suction stroke, and compresses the outer 
pump spring. The outward movement of the 
diaphragm causes fuel to be drawn into the cham- 
ber B through the control bleed from the nozzle 
passage. 

When the throttle is opened, the pressure is sud- 
denly increased on the diaphragm from chamber 
C, and the spring in this chamber, in turn, pushes 
the diaphragm in — toward the adapter — suddenly 
and increases the pressure on the fuel in chamber 
B. The pressure on the fuel in chamber B is 
transmitted to the diaphragm between chambers 
A and B and overcomes the spring pressure tend- 
ing to hold the pump valve closed. The valve 
then opens. The pressure on the fuel in chamber 
A is at the same time increased suddenly, and the 
fuel discharges through the check valve directly 
into the air stream to the supercharger. The in- 
creased pressure in the fuel in chamber A also 
acts on the fuel in the passage leading to the 
regular spray nozzles, thereby causing an accel- 
erating discharge to take place at these nozzles also. 
As the outer diaphragm moves inward, the fuel 
in chamber B is forced out at a controlled rate 
through the control bleed, and into the passage 
leading to the discharge nozzles and the chamber A. 

The diaphragm type of accelerator pump is 
sometimes constructed with a single diaphragm. 
This type is automatically operated by vacuum. 
A passageway leads from a point below the 
throttle valve to the vacuum side of the pump 
diaphragm. When the throttle is closed, reducing 
the pressure below it, the pressure is reduced on 
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the vacuum side of the diaphragm. The pressure 
difference between the fuel side and the vacuum 
side moves the single diaphragm outwards, and 
produces a suction in the fuel chamber which 
draws fuel into the chamber, and, at the same 
time, compresses the diaphragm spring. When 
the throttle is opened, the pressure is increased on 
the. vacuum side of the diaphragm, and the spring 
pushes the diaphragm inward, forcing fuel 
through the pump passages and into the nozzle 
passage, causing fuel to be discharged quickly 
through the regular spray nozzles. A separate 
accelerator valve is not used with this method. 

The late-model, large-capacity injection car- 
buretors are equipped with a manual type of 
accelerator pump. This pump — ^which is throttle- 
operated — originated when the r- 280 ob p.&w. en- 
gine was developed. This design was necessitated 
by the fact that the R-2800 engine has high overlap 
valves, and thus the vacuum beneath the throttle 
at low speed is too low to operate a vacuum pump. 
The first type of throttle-operated pump de- 
veloped works on the same principle as the 
vacuum pump with the exception that the fuel 
pressure built up is developed by a piston, and 
the diaphragm is replaced by another piston con- 
nected to the pump valve. Both pistons slide 
within the same sleeve. 

This first type of manual accelerator pump was 
discarded because of trouble experienced with the 
plunger valve. The second type, which is the 
one now in use, has the same external appearance 
as the twin-piston type. However, the pressure 
built up by the actuated piston is transferred to 
the balance chamber of the pressure-regulator 
poppet valve of the carburetor. This increased 
pressure upsets the balance in the fuel system, and 
causes the poppet valve to open momentarily and 
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allow an increase in fuel flow to the engine dis- 
charge-nozzle. The system regains balance when 
the increased pressure is eased off through two 
bleeds that connect with the unmetered fuel 
chamber D. 

In flgure 76, you will see a schematic view of 
the latest type — at the time of writing — throttle- 
operated accelerator pump. The base of the 
pump forms a part of the throttle-housing cast- 
ing. A body fastened to this base carries an 
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Figure 76. — Throttle-operated accelerator pump. 


inner cylinder in which a piston operated by the 
throttle through a lever and suitable linkage is 
fltted. The fuel enters the pump cylinder from 
the fuel chamber D of the carburetor pressure 
regulator through a connecting passage, the fuel 
passing through the fill-check valve. The pas- 
sageway from chamber D also supplies fuel to 
the space in the pump above and below the central 
body. At the side of the cylinder, and opposite 
the fill-check valve, is a port that connects through 


211 


• Digitized by Google 


Original from 

UNIVERSITY OF CALIFORNIA 



a second passage to the balance chamber at the 
outer left-hand end of the poppet valve of the 
pressure regulator. A second check valve is 
located in the diaphragm plate at the bottom of 
the cylinder. The operation of this type of ac- 
celerator is as follows — 

When the throttle valve is closing, it moves the 
pump piston in the accelerator body to the top of 
the cylinder. This lowers the pressure in the cyl- 
inder, which causes the fuel from the chamber D 
of the pressure regulator to push the check valve 
off its seat and fill the cylinder. At the same 
time, the valve at the bottom — or the relief check 
valve — is held tight to the seat by its closing spring. 
When the throttle is opened quickly, the pump 
piston moves downwards closing the inlet valve 
and driving the fuel out through the port on the 
opposite side. Since this port is connected to the 
balance chamber, the pressure of the fuel from 
the accelerator pump temporarily unbalances the 
diaphragm and causes a greater volume of fuel to 
be sent to the regulator discharge nozzles. The 
lower check valve of the accelerator pump is set to 
open at pressures of 35 to 40 pounds, and when these 
pressures are exceeded, fuel passes through the 
valve and into the chamber below the cylinder. 
This space is connected to the one above the cyl- 
inder by the passage shown in dotted lines, thus 
permitting the fuel to return to the inlet side of 
the pump. 

The balance chamber is connected to the 
chamber D of the carburetor pressure regulator 
by a so-called balance channel at the top and 
bottom of the chamber — ^you will see these chan- 
nels in figure 70 — and the pressure in the balance 
chamber eases off through these channels when 
the accelerator-pump operation ceases. 

Since the accelerator-pump piston in both types 
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of manual pumps is operated by the throttle, 
‘‘pumping’’ the throttle will normally result in 
discharging fuel into the blower section when the 
fuel pressure is up. However, with the single- 
piston type shown in figure 76, piunping the 
throttle WILL not discharge fuel into the blower 
section as long as the manual mixture-control 
IS IN THE “idle cut-off” POSITION. 

DISCHARGE NOZZLES 

A t^e of discharge nozzle used with the Strom- 
berg injector carburetor is shown in figure 75. 
This nozzle is located directly in the air stream, 
and the space above the diaphragm is connected 
through a small tube and drilled passage to the 
air channel leading from the boost venturi to the 
chamber B of the carburetor pressure regulator. 
The plunger valve rests on a seat above the fuel 
outlet. The charge spray is spread out evenly 
by a spherically-shaped nozzle with drilled open- 
ings. 

In another type of nozzle — ^known as the spin- 
ner NOZZLE — which you will see in a schematic 
view in figure 77, the fuel is induced into a hollow 
slinger hub in the supercharger rotor, whence it 
is thrown into the air stream by the centrifugal 
force created by the hub. This type of injection 
uses a constant-pressure nozzle as in the other 
type shown, but, as you can see, the assembly is 
much longer. It is mounted on the rear of the 
supercharger, and extends through the main air 
passage to the special slinger hub on the super- 
charger rotor. The nozzle — ^which operates on the 
same principle as the one shown previously — ^is 
connected to the carburetor by an outside fuel line, 
and has vent channels in the rear of the super- 
charger housing and the carburetor throttle body. 
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When installing a nozzle of this type, be sure that 
the gaskets and shields between the carburetor- 
mounting flange and the engine are placed prop- 
erly so Qiat they do not obstruct the vent chan- 


Channel to boost venturi 



nels between the throttle body and the engine. 
Also be sure that the outside fuel tube is con- 
nected properly and that the joints are tight. 
You will observe in the types of spray nozzle 
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shown, that the chamber containing the nozzle 
valve-closing spring is connected to some point 
of the carburetor throat, the chamber thus being 
exposed to the pressure in the scoop or the boost 
venturi, as the case may be. These connections 
lower the pressure in the nozzle-spring chamber 
as the engine speed increases, thus compensating 
for the increased pressure of the closing spring 
as the nozzle valve opens, and maintaining an 
even movement of the valve. Experience with the 
spinner nozzle shown in figure 77 has disclosed 
that turbulent action results from having the 
spring chamber connected to the boost venturi. 
Result — ^the practice now is to plug up the open- 
ing to the boost venturi, and to make the connec- 
tion to the area around the main venturi, where 
the pressure is the same as in the scoop. 

TYPICAL STROMBERG INJECTION CARBURETOR 

The injection, or pressure-type of Stromberg 
carburetors is designated by the first letter P or 
Q, The letter Q designates a smaller series than 
the P series, the former having a combined fuel- 
control and regulator unit. The other designa- 
tions are the same as stated in connection with the 
float-type, except that the letter R after the P 
indicates a carburetor with a rectangular barrel. 

The PT-13G5 model carburetor — which you will 
see in a perspective view in figure 78 — ^is typical 
of modern design, and as the designation implies, 
has three barrels. It is of the downdraft type, 
with a fuel-head enrichment valve, automatic- 
mixture control, idle cut-off, throttle-operated 
accelerator pump, a spinner-type discharge nozzle, 
and a throttle balance. The air fiow in the larger 
carburetors exerts so much pressure on the 
throttle valves that the valves have a tendency 
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to “ creep shut, and a throttle balance is pro- 
vided to counteract this tendency. The model 
illustrated also differs in other details of design 
from the basic type shown in figure 70. It has, 
for instance, two vapor vents and fioats, one in 
the fuel screen chamber, and the other at the top 
of the chamber B, 

Both vents lead to the fuel tank. The pt-13G5 
carburetor does not utilize an adapter but employs 
a spinner-type discharge nozzle that ejects the 
fuel directly into the blower. 
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Figure 79.— Throttle balance. 


The throttle balance is not shown in the outside 
view of the carburetor, because it is located at the 
rear end, or the end farthest from you in the 
illustration. You will see a sectional view of the 
balance in figure 79. It has an arm that is piv- 
oted at one end on a capscrew screwed into the 
carburetor casting. This arm carries a cylinder 
that is open at one end, and into which fits a sleeve 
or piston that is connected by another arm to the 
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end of the throttle shaft. A coiled spring bottoms 
against both the inner sleeve and the outer 
cylinder, forming a cushion between these mem- 
bers that will resist any tendency of the throttle 
shaft to turn when it has been placed in a set 
position by the airplane pilot. 

When installing carburetors of the pt-13G5 type 
on the engine, place the fuel inlet to the rear. 
Attach the fuel supply line from the fuel pump 
to the triangular pad on the cover of the rear 
body of the regulator by means of the three 
mounting screws. Connect a vapor-retum line 
from the airplane fuel tank to the %-inch pipe 
tap connection provided for this line near the 
top of the regulator. Another %-inch pipe plug 
is provided in the rear body of the mixture 
regulator, and you should remove this when 
connecting the fuel-pressure gage line to the 
regulator. 

The throttle lever of the carburetor has an 80° 
travel, and requires a control rod movement of 
2 %e inches. The manual-control lever has a 90° 
travel — a quarter circle — and requires a control- 
rod movement of 2^%0 inches. Both of these 
levers may be shifted around radially on their 
shafts at 15° intervals, so as to bring them into 
the proper relation to the control rods, and insure 
that they will have full travel in both directions. 
Also, sufficient space must be provided for the 
removal of the fuel strainer, and for access to the 
idle adjustment. 

WATER-INJECTION SYSTEM 

It is well known that Army and Navy aircraft 
engines are operated at so-called military power 
with rich mixtures. It has been an established 
fact also that if the mixture could be ‘Teaned- 
out’’ without a resultant detonation — or knock- 
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ing — a considerable increase in power could be 
obtained. The problem that confronted the engi- 
neers, therefore, was to figure out some way to 
overcome the detonation at the war-emergency 
RATINGS, which represent an increase over the 
present prescribed military power ratings. The 
war-emergency ratings are intended for use only 
as required in combat for attack or evasive action. 

It was determined that by properly injecting 
water into the induction system of the engine, the 
temperature of the fuel charge in the intake mani- 
fold could be sufficiently reduced to permit oper- 
ating the engine at the best power-mixture 
strength without detonation. But this didn’t 
solve the problem entirely. The amount of power 
gained by leaning the mixture to the best power- 
mixture, would not in itself give the full war- 
emergency power rating. The pressure in the 
intake manifold was increased — and the problem 
was solved. 

The increase in the manifold pressure is ob- 
tained automatically by means of a regulator, 
which is operated by the pressure of the water 
as soon as the water pump is turned on in the 
pilot’s cockpit. 

When water is injected into the manifold, the 
total flow of fuel and water into the engine is 
approximately equal to that of the fuel alone 
which would be required to produce the same 
power in a larger engine not using water 
injection. 

Emphasis is placed on the fact that the water- 
injection system is added to the engine to permit 
higher than military power under war-emergency 
CONDITIONS only. Operation under such condi- 
tions places an additional strain on the engine, 
and the operator must use the system with utmost 
discretion. 
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It is recommended that the water be applied 
only after the engine has been brought up to the 
military power. No harm will result, and the 
engine operation will not be affected deteri- 
mentally if the water is applied at powers as low 
as maximum cruising. But only a small amount 
of water will normally be carried in the airplane, 
and it should not be wasted at powers that can be 
obtained with fuel alone. 

The water-injection system consists of a water 
tank, a water pump, a solenoid valve, a water- 
regulator unit, a fuel derichment valve and a 
supercharger regulator-reset mechanism. The 
function of each unit is outlined briefly as 
follows — 

The water tank carries the supply of water, 
which is sufficient to insure war-emergency 
power for a predetermined period of time. 

The water pump, in some installations, is an 
electrically driven unit mounted near the water 
tank and controlled by a switch, marked pump 
SWITCH, in the cockpit. In other installations, 
the pump is mounted directly on the engine and 
runs at all times when the engine is running. 
When the pump is in operation, it delivers 
the water to the solenoid valve. This valve is 
closed when the engine is operating under 
normal conditions. 

The solenoid valve is located at the entrance 
to the water-regulator unit, and is also controlled 
by a switch — designated as the power switch — 
in the cockpit. The purpose of the solenoid 
valve is to allow unmetered fuel to flow into 
the water-regulator unit. In some installations, 
the water pump and the solenoid valve are con- 
trolled by the same switch. This does not 
affect the functioning of either unit. 
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The water regulator meters the water 
through the action of a poppet valve, which is 
controlled by unmetered fuel from the carbu- 
retor. This pressure is proportional to the air- 
flow through the carburetor. 

A FUEL-DERicHMEHT VALVE is attached to or 
built into the carburetor — see figure 78. It be- 
gins to function as soon as water pressure builds 
up within the water regulator. The valve is 
operated by a diaphragm, and when water 
pressure is applied to the diaphragm, the valve 
moves endwise and closes one of the two econo- 
mizer jets in the carburetor fuel-control unit. 
This reduces the fuel fiow, and gives the leaner 
mixture necessary for the “best power’’ under 
emergency-power operation. 

The supercharger regulator reset is also 
connected to the water regulator. The reset is 
diaphragm-controlled. When pressure is ap- 
plied to the diaphragm by the water from the 
regulator, the supercharger regulator setting is 
changed so as to permit the high manifold 
pressure required for war-emergency power to 
be created. 

The water-regulator unit is connected by a pipe 
to the fuel-feed intake, where the water mixes 
with the metered fuel from the carburetor. The 
mixture of fuel and water is then discharged into 
the intake air stream through the fuel-discharge 
spinner nozzle. 

When the power switch is turned off, the dia- 
phragm of the supercharger regulator reset is re- 
turned by a coiled spring to its normal position, 
thereby resetting the regulator to permit only 
normal manifold pressures. The derichment- 
valve diaphragm is also returned to its normal 
position by a spring when the water-injection sys- 
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tern is no longer in use. This reestablishes the 
operation of both economizer jets, and provides 
the rich mixture required for military-power 
operation. The water-regulator unit also becomes 
inactive, and the check valve closes, preventing a 
reverse flow of fuel past the unit. 

If the water-injection system should fail be- 
cause the water supply is exhausted, or the water 
pressure becomes too low, the various units in the 
system will return to normal, just as though the 
POWER SWITCH were turned off. 

OPERATING INSTRUCTIONS FOR STROMBERG INJECTION 

CARBURETORS 

You will understand from the description of 
the operation of the Stromberg injection carbure- 
tor, just completed, that this type differs radically 
from the float type in that it does not have a 
vented float chamber, but instead, has a closed fuel 
system from the fuel pump to the discharge noz- 
zle. It has already been explained that fuel is 
prevented from leaking into the engine by the 
spring-controlled needle valve in the discharge 
nozzle, which is closed when the nozzle fuel pres- 
sure is less than 4 psi. Even though the fuel 
pressure should exceed 4 psi, with the throttle 
closed and the engine standing still, the fuel can 
flow only at the lowest idling rate. When the 
idle cut-off is in use it reduces the flow to con- 
siderable less than the idle flow. Since the sys- 
tem is of the closed type, it remains full when 
the engine is stopped by cutting off the fuel flow 
with the idle cut-off. 

When fllling the fuel system, and starting or 
stopping engines equipped with an injection car- 
buretor, use the following procedure. 
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FILLING CARBURETOR SYSTEM 


If the carburetor has been drained, or is being 
used for the first time after installation on the 
engine, it must be filled up first, which should be 
done as follows — 

Open the fuel valve of the tank. 

Set the mixture-control lever at atjto rich, 
and open the throttle valve about halfway. 

Operate the auxiliary fuel pump to raise the 
fuel pressure to 5 psi. Then continue to oper- 
ate the pump slowly until a small amount of 
fuel runs from the supercharger drain. 

Note. — When the engine is not running, the 
rate at which fuel may enter the second regula- 
tor and the fuel-control body — ^this fuel being 
metered — ^is held to idling rate, causing the car- 
buretor to fill slowly. The rate will be the great- 
est when the throttle is open beyond the idle posi- 
tion. In operation, there are no vents in the 
system beyond the float-operated vapor separator. 
All entrapped air must therefore escape through 
the nozzles, which will sometimes cause the engine 
to stop after being started. If trouble of this kind 
is experienced, remove the vent plug from the 
second chamber of the mixture regulator, and 
work the auxiliaiy pump until the fuel stands 
level with the plug opening. 

STARTING ENGINE 

The method of starting a cold engine by priming 
is explained under electric primers. The follow- 
ing procedure should be followed when starting 
warm engines, — temperature above 60° F. or 
15° C. — equipped with direct-cranking starters, or 
on all engines, warm or cold, on which primers 
are not provided. 
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Set the mixture control in the idle cut-off 
position, with the throttle lever placed so as to 
give a speed of approximately 1,000 rpm. 

Operate the auxiliary pump until the fuel 
pressure is approximately 10 psi, turn the igni- 
tion switch on, and engage the starter. As the 
engine starts to turn, move the manual mixture- 
control out of the IDLE CUT-OFF position and into 
the AUTO-RICH position. Continue to operate 
the auxiliary fuel pump slowly to assist the 
engine fuel pump to build up pressure. If the 
engine does not stall in two or three revolu- 
tions after moving the mixture-control to auto- 
RiCH, move the control back to the idle cut-off 
position, so that the engine will not be flooded 
during the cranking operation. 

Note. — Remember that the fuel is being dis- 
charged from the carburetor discharge nozzle at 
all times when the mixture-control is out of the 
idle cut-off position, and the fuel pressure is over 
4 lbs. Operating the throttle does not dis- 
charge FUFX TO the engine. The engine can be 
started with the throttle lever in any position. If 
the engine loads up, place the mixture-control 
lever in the idle cut-off position, open the throt- 
tle, and crank the engine. If the ignition is left 
ON in this process, be ready to close the throttle 
and move the mixture control to auto rich, when 
the engine flres. If a ‘^flooded” engine is being 
cranked by hand to clear it be sure that the 
ignition is off. 


IDLE ADJUSTMENT 

An excessively rich idle setting causes incom- 
plete combustion of the mixture in the cylinders 
of. an engine. This results in the formation of soot 
which, when combined with oil that passes the 
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piston rings, forms solid cakes — similar to the 
somewhat familiar briquets made from coal dust 
and oil. This carbon ,soot, bonded to the spark 
plugs and piston-ring grooves by the oil and heat 
of combustion, soots the spark plugs and causes 
sticking rings. The obvious remedy is to prevent 
the formation of soot by idling the engine with a 
clean-burning mixture — such as a so-called “best- 
power^’ mixture — or one slightly leaner. 

Good acceleration sometimes demands a mix- 
ture slightly richer than best power, especially in 
cases where the capacity of the accelerating. pump 
is marginal — that is, just giving the minimum 
degree of acceleration required. However, the 
mixture should never be so rich as to cause the rpm 
to drop off more than two percent from the 
maximum rpm obtainable with any other ad- 
justment of the mixture at the same throttle 
setting. 

Navy specifications specify that service aircraft 
engines be capable of idling at 600 rpm with 
exhaust stacks, or at 450 rpm with exhaust col- 
lectors. A' low idle rpm is necessary for proper 
control of airplanes taxiing on water, and for 
reduction of wear on brakes and tires of land type 
airplanes. 

In many instances, engines have been found 
operating with idle mixtures so rich that an ex- 
cessively high idle speed was required to prevent 
fouling of the spark plugs. Other cases have been 
found in which the idle mixture was adjusted so 
lean as to cause faulty acceleration. If the 
carburetor is adjusted properly, the engine will 
idle at the required minimum rpm for at least 5 
minutes with no signs of fouling. Acceleration 
will also be satisfactory under these conditions. 
However, you must remember that clean spark 
plugs and correct adjustment of the valves and 
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ignition, as well as tightness of the induction system 
between the carburetor and the cylinders, are 
necessary for satisfactory idling. 

Correct .idle adjustment is most important. 
The following procedure is recommended for 
setting the idle on any aircraft carburetor — 

Warm-up the engine in the usual maimer 
until the oil and the cylinder-head, temperatures 
are normal. 

Check the magnetos. If rpm ‘‘drop-off” is 
excessive, check for fouled spark plugs. If drop 
is normal, proceed with the idle adjustment. 

Close the throttle to give an idle speed of 
approximately 600 rpm. If the rpm increases 
appreciably after the change in the idle-mix- 
ture adjustment during the following steps, 
readjust the throttle stop to restore the de- 
sired rpm. 

When the speed has stabilized, move the 
cockpit mixture-control lever momentarily — 
but with a smooth, steady pull — ^into the idle 
CUT-OFF position (auto-lean is sufficient for 
Holley and some Stromberg carburetors) and 
note the tachometer for any changes in rpm 
during the process of leaning. Be sure to re- 
turn the mixture control to the auto-rich 
position before the rpm drops so low that the 
engine will .cut out. An increase of more than 
10 rpm while “leaning-out” indicates an ex- 
cessively rich idle adjustment. An immediate 
decrease in rpm (not preceded by a momentary 
increase) indicates a too-lean idle adjustment. 

If the preceding two steps indicate a too- 
rich or a too-lean idle adjustment, turn the. 
idle adjustment one or two notches in the di- 
rection required for correction, and check the 
new position as described in those paragraphs. 
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Make additional readjustments as necessary 
until a check with steps 3 and 4 results in 
a momentary ‘‘pick-up^’ of approximately 5 
rpm — never more than 10 rpm. 

Finally, adjust the throttle stop to obtain 
the desired rpm with closed throttle. 

The method described should give a setting 
that will obtain maximum rpm with minimum 
manifold pressure. In case the setting does not 
remain stable, check the idle linkage. Any loose- 
ness in the linkage will cause erratic idling, 
because a movement of the throttle will not pro- 
duce the same movement of the idle needle. 

Keep in mind the fact that when the idling is 
adjusted as described on engines having the origi- 
nal factory adjustment, the adjustment may not 
be permanent. The reason for this is that the 
carburetor diaphragms will be stiff, since they 
have not had sufficient opportunity to become 
flexible through soaking in gasoline. After a few 
days of running, the diaphragms will soften and 
become flexible. The engine will then tend to 
become rich and foul up, as will be evidenced by 
black smoke from the exhaust. The idle setting 
must then be readjusted to obtain a proper idle 
mixture with a low engine-idle speed. 

In all cases, you must make allowance for the 
effect of weather conditions upon idling adjust- 
ment. The relative position of the airplane with 
respect to the direction of the prevailing wind, 
will have an effect on the propeller load and 
therefore on its rpm. Hence, you will be wise to 
make the idling setting with the airplane cross- 
wind. The idle adjustment will be affected also 
by the condition of the day, whether hot, moist, 
or cold. 

Once an idle adjustment is made properly as 
described here, subsequent adjustments should not 
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be necessary except to correct for wide variations 
in weather conditions. 

In case you should find that the idle-mixture 
adjustment has insufficient travel to obtain the 
correct idle mixture, disconnect the idle link — 
take a look at the idle adjusting-mechanism sec- 
tion in figure 80 — from the screw eye by removing 
the link bolt. Then screw the eye into the 
threaded bushing if leaner mixtures are re- 
quired; or screw it out of the bushing if richer 

IDLE LINK 
WAVE WASHER 
BUSHING 
WASHER 
CASTLE NUT 
BOLT 

COTTER PIN 
SCREW EYE 
THREADED BUSHING 
HEX. LOCK SCREW 
IDLE LEVER 
INDICATOR 

Figure 80. — Section through idle-adjustment mechanism* 

mixtures are desired. One revolution of the screw 
eye is (‘qnivalent to approximately 13 notches of 
the adjusting screw. Reconnect the idle link with 
extreme care to make certain that the various 
parts are in their correct positions. See that the 
four plain washers are placed inside and outside 
the idle link, as shown, and place the spring 
wave washer in position carefully so that it will 
fit over the outside diameter of the bushing, and 
be next to the screw eye. The castle nut — a type 
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of nut provided with slots through which a cotter 
pin passes to lock the nut on its stud or bolt — 
must be tightened enough to allow the yoke of the 
idle link and the plain washers to clamp the 
bushing, so that it cannot move on the bolt. 
Otherwise, clearance between the inside diameter 
of the bushing and the bolt may allow play in the 
linkage to cause inconsistent engine idling. 

When the idle is adjusted properly, tighten the 
idle mixture-adjustment lockscrew and safety wire 
it in position. 


STOPPING THE ENGINE 

To stop an airplane engine equipped with a 
Stromberg injection carburetor, move the mixture 
control to the idle cut-off position with the 
engine running at about 800 rpm. When the 
engine stops, turn off the ignition. This will 
give a clean cut-off without after-firing. It 
should be noted that vi^ith this type of carburetor, 
moving the mixture-control lever to the idle cut- 
off will stop the engine at any speed or throttle 
position. Stopping the engine by shutting off the 
fuel-tank valve is ^Haboo^^, because vapor may be 
pumped into the regulator. Keep the fuel-tank 
valve closed when the engine is not being 
operated. 


MINOR ADJUSTMENTS AND CHECKS 

Stromberg injection carburetors are designed 
for very accurate adjustment and uniform per- 
formance. Complete overhaul on them can be 
performed only with the aid of special tools and 
testing equipment. The very exactness of their 
performance requires that they never be changed 
by guesswork, and once they are set and lock- 
wired, nothing should be tampered with that will 
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alter the functioning of the carburetors. In more 
simple language, do not tinker with the 

CARBURETOR. 

There are, however, several processes that may 
be performed to assure proper action of the car- 
buretor, and which may be safely done on the 
spot. You will find such points outlined as 
follows — 

Remove the strainer bolt, cap, and the 
strainer, and clean the parts thoroughly. Then 
inspect the vent fioats, and the needle valves 
and their seat. 

In reassembling the parts, be sure to place 
the strainer housing with the recessed end 
(into which the spring fits) toward the 
outside, or housing cover. 

Drain out any fuel that may have collected in 
the air chambers, by removing the drain plugs in 
the bottom of the regulator. The presence of the 
fuel in the air chambers indicates that a sealing 
diaphragm is leaking. 

MIXTURE-CONTROL AND IDLE LINKAGE 

Examine the joints in this linkage for play 
occasionally. Tighten the link: bolts to prevent 
looseness in the joints, and make sure that the 
wave spring washer is in place. 

Do not disassemble any other parts except when 
the carburetor is functioning badly, in which 
case, you should remove it from the engine. 

GENERAL NOTES 

Be careful not to cut the neoprene packing with 
the edges of the tube, when you have occasion to 
remove the large fuel line running from the fuel- 
control unit in the spray nozzle. If the material 
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is chipped, the pieces may lodge under the injector 
spray needle and prevent its closing. 

Never use cx)mpressed air to blow out cae- 
BURETOR OR ASSEMBLED UNITS as damage to dia- 
phragms may result. 

When a carburetor must stand idle for some 
time — over 10 days — drain it thoroughly, and 
then flush it out with an approved army-navy 
lubricating oil — ^AN aeronautical specifications, 
AN-w-o-446a. Most other oils contain agents 
that have detrimental effects on the carburetor 
diaphragms, and are not approved for flushing 
diaphragm-type carburetors. 

Under no circumstances permit the flushing oil 
to come in contact with the main or boost venturi 
surfaces, with the impact tubes, or with the auto- 
matic mixture-control unit. Make sure, how- 
ever, that all fuel chambers in the discharge 
nozzle and in the accelerator pump are fllled with 
the oil. 

Flushing oil picks up gasoline in the flushing 
process. The oil should, therefore, be discarded 
after having been used a maximum of flve times. 

Drain the flushing oil thoroughly from the car- 
buretor, and plug all fuel or drain outlets. 

PRESSURE-REGULATOR POPPET VALVE 

Inspect the poppet valve after removing the 
valve cover. Check to see that it has full move- 
ment and is not leaking, and move it by hand 
while looking for grit on the valve seat. Measure 
the complete travel of the valve. Do not attempt 
ADJUSTMENTS OYl this Unit WITHOUT A FLOW BENCH. 

SPRAY NOZZLE 

The nozzle is not readily accessible except when 
it is on the outside of the adapter, in which case 
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you can remove and clean it. If the spray valve 
does not close tightly, it will seriously interfere 
with the running of the engine at altitude, causing 
flooding and rough operation. 

MANUAL MIXTURE CONTROL 

Examine the manual mixture-control plate by 
removing the complete cover and latch assembly. 
Be careful not to lose the valve spring during this 
operation. If trouble is indicated in the latch 
mechanism at the end of the mixture-control shaft, 
you should disassemble it and inspect the parts. 
When reassembling, apply a coating of grease be- 
tween the plates. A tight seal is necessary 
between the plates. Looseness affects the idle 

CUT-OFF. 

AUTOMATIC MIXTURE CONTROL 

You can remove the automatic control unit for 
inspection and replacement by unscrewing the en- 
tire assembly from the throttle unit. WThen there 
is no exchange available, your only recourse in 
case of trouble with this device is to disassemble 
it, clean it thoroughly, and reassemble for imme- 
diate use. During this process be very careful 

NOT TO CHANGE THE POSITION OF THE ADJUSTING 
SCREW AND LOCKNUT. (See figure 64.) 

ELECTRIC PRIMER 

The Stromberg electric primer is used on most 
engines of 2,000 cubic inches displacement, and 
may be used on smaller engines. Its purpose is 
to control a supply of gasoline directly to the en- 
gine manifold to make starting easier. The 
primer is mounted on the rear body of the in- 
jection carburetor fuel regulator, in place of the 
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regular poppet-valve cover. The manner of 
mounting the primer and the method of connect- 
ing it into the electric circuit are shown in figure 
81. Provision is made in present producton for 
installation of the primer. This means that the 
pressure-regulator housing is drilled for the 
primer inlet, and that the necessary longer studs 
are employed as regular equipment. If, how- 
ever, the studs are too short, you will have to re- 


PRIMER VALVE BOLTED ON REAR OF CARBURETOR UNIT. 
FUEL SUPPLIED THRU HOLE IN FLANGE GASKET. 



Figure 81.— Electric primer, method of mounting and connecting into the system. 

place them with longer ones. To make the 
installation proceed as follows. 

Remove the poppet valve cover from the rear 
body of the carburetor pressure-regulator unit. 
If the cover is fastened by short studs, replace by 
longer ones — ^part number 392831. Also see that 
a hole is provided for the fuel hole in the primer 
base in the gasket used to seal the primer. New 
gasket — ^part number 392372 — ^has such a hole. 
Place the primer on the regulator at a 30-degree 
angle, which will bring it ap|)roximately in the 
position shown in figure 81, and fasten it with so- 
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Returning to figure 81, you will observe that 
the negative lead from the battery is connected 
through a push-button switch in the cockpit to 
the central terminal of the Breeze plug. The 
coil cap may be rotated within a 220° range to 
bring the Breeze plug iii the most advantageous 
position for making the connection. 

The primer valve is available for operation with 
either 12 or 24 volt electrical systems. It will 
operate at nominal voltage ratings under pres- 
sures of 15 psi to 45 psi. The voltage at the 
solenoid — or coil — terminal may vary from 8 to 
13 volts on the 12-volt circuits, and from 14 to 28 
volts on 24-volt circuits, under a pressure of 
15 psi. 

The operating voltage — that is the voltage at 
the primer terminal — should be kept as close to 
the normal value as possible, which means that 
the proper size and length of cable should be used 
in connecting the primer into the circuit to avoid 
voltage drop, or loss. For instance, a 20-foot 
length of No. 20 B. and S. gage wire will cause a 
loss of 1.5 volts with a 12-volt battery, while the 
same length of number 16 B. and S. gage wire 
will deliver 11.7 volts at the primer terminal, or 
only at a loss of .3 of a volt. 

The switch used in the primer-coil circuit should 
be of the push-button type to help prevent over 
priming. A fuse ring is placed inside the primer 
cap to prevent overheating of the coil in case the 
circuit is kept closed for too long a time. The 
melting of the fuse ‘^shorts’’ the circuit, thus 
protecting the coil. A second fuse, or circuit 
breaker, must be provided in the battery circuit 
to open the circuit when the fuse ring in the 
primer causes a short. 

And now back to the sectional view, figure 82. 
With the engine stopped, fuel may be drawn from 
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the fuel tanks and supplied to the primer valve 
through the carburetor at approximately 15 psi 
by the auxiliary pump — either wobble or electric. 
"V^en the push button in the primer circuit is 
closed by lie pilot, current passes through the 
primer coil and produces a magnetic field that 
draws up the movable plunger, which carries at 
its lower end a needle valve with a neoprene tip. 
The raising of the valve from its seat opens the 
channel between the inlet and outlet of the primer, 
and permits fuel to pass through the primer to 
the priming nozzles in the engine manifold. 

HOW TO USE PRIMER 

To prime the engine with the electric primer, 
first build up pressure by the auxiliary pump with 
the carburetor mixture control set in the miE 
CUT-OFF position, and the throttle lever set to give 
an engine speed of about 1,000 rpm. 

Prime the engine by closing the push-button 
switch for several seconds, or according to your 
previous experience on the engine. The time 
required depends upon the engine temperature. 
If the engine is hot, priming may not be 
necessary. 

Next engage the engine with the ignition 
switch on, and when it fires, move the mixture 
control to automatic rich — auto rich — and use 
the auxiliary pump slowly to aid the engine to 
bjuild up pressure. Then turn the primer switch 
oh and off as necessary to keep the engine run- 
ning until it warms up. 

Follow the engine manufacturer’s instructions 
for other starting operations. 
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CHAPTER 9 


HOLLEY CARBURETORS 
BASIC FEATURES 

Several models of the Holley carburetor have 
been developed, but since we are concerned par- 
ticularly with the ones used in modern Navy war- 
planes, only the Models F, H, HA, and 1685-HAR 
will be discussed here. Furthermore, since all 
models use the same basic principles of operation, 
the general construction is first taken up, after 
which those features that distinguish one model 
from another are explained. 

The Holley aircraft-engine carburetor has a 
single air passage into which fuel is supplied from 
a single fuel-supply chamber. The means em- 
ployed to induce the fuel into the air passage is 
the same as in carburetors of other designs — ^a 
controlled difference in pressure produced by a 
reduction in the cross-sectional area in the ven- 
turi. The Holley carburetor, however, is unlike 
other carburetors in that the control of the air 
passage is accomplished by means of a variable 
venturi, rather than by the conventional butterfly 
throttle valve and fixed venturi. 
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The fuel-discharge nozzle and the venturi 
throttles are arranged in such a way that the 
carburetor is free of ordinary icing troubles. 
Also the type of fuel-metering system and throttle 
used in this carburetor provides partial compen- 
sation for changes in altitude. However, in order 
to obtain more exact altitude adjustment and in- 
creased economy under favorable operating con- 
ditions, a manual control is provided for leaning 
out the fuel air ratio. 

The Model-F Holley carburetor is non-auto- 
matic, since the compensation for altitude is done 
manually. Models H, HA, and 1685-HAR are of 
the automatic type, since the compensation for 
altitude is done mechanically. Models H, HA, 
and 1685-HAR also have other automatic devices 
for correcting carburetor troubles encountered 
frequently. 

The Model-HA carburetors are the same as the 
Model H except for the fuel regulator or dia- 
phragm section, and the vapor separator. A 
minor change in the HA acceleration system — 
the substitution of an all neoprene fabric dia- 
phragm for the neoprene fabric-and-leather dia- 
phragm used in the H carburetors has not 
changed the operating principle of the accelera- 
tion system, so need not be discussed. 

The suction pipe extending into the fuel cham- 
ber of the H carburetors has been replaced by two 
standpipes in the HA models, which allow fuel 
to be drawn into the metering channel from a 
point near the bottom of the fuel chamber. This 
set-up necessitates the use of an intermediate 
casting between the fuel regulator and the ac- 
celerator-diaphragm body. The capacity of the 
HA vapor separator has been increased to ap- 
proximately eight times that used in the H model, 
and the action of the float has been improved by 
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the addition of a vapor-separator suction control. 

Model 1685 H and HA carburetors used on 
Wright R-2600 series engines have been partially 
redesigned in order to increase their reliability 
and improve their performance. The modifica- 
tions include a compentsator-venttjri exit restric- 
tion, ALTITUDE MIXTURE-CONTROL VALVE, THROTTLE- 
ACTUATED ACCELERATOR PUMP, and NEW SYNTHETIC 
rubber-nylon DIAPHRAGMS. When all four changes 
are incorporated in the H and HA models, the 
model designation will be restamped to read 1685 
HAR. 

The treatise of Holley carburetors given here 
refers particularly to models F and H. However, 
those features of the HA and HAR carburetors 
that differ from the other types will be taken up 
separately. 


CARBURETOR SIZES 

The Model F and the automatic models H and 
HA carburetors are made in two sizes. The 1375 
F, H, and HA carburetors have 13.75 square 
inches of total area opening between the throat 
of the venturi and the nozzle bar at wide-open 
throttle. The 1685 F, H, HA carburetors have 
16.85 square inches of total area opening between 
the throat of the venturi and the nozzle bar at 
wide-open throttle. Model H carburetors are also 
made in two other sizes. The 700 H has 7.00 
square inches of opening at wide-open throttle, 
and the 2795 H has 27.95 square inches of opening. 

HOLLEY, MODEL F, CARBURETOR 

It was previously explained that the Model F 
carburetor is a non-automatic type, since altitude 
compensation is obtained manually. The prin- 
ciple of metering of the Model F is basically the 
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same as for the automatic carburetor. The Model 
iP is taken up here first because the metering 
principle is easier to imderstand, and because the 
automatic carburetor has been developed from 
the ¥ carburetor. 

You will see an outside view of the Holley, 
Model F, carburetor in figure 83, with the various 
parts appearing in the illustration identified to 
make it easier for you to follow the description. 
The carburetor consists of a main body in which 
the fuel nozzles and the variable venturi are 
located; a section bolted to the left-hand end of 
the main body in which the fuel-control dia- 
phragms are located; and mixture-control valve 
unit bolted to the back of the carburetor. The 
side to which the name plate is attached is con- 
sidered to be the back or rear face of the car- 
buretor. An air-vent ring placed on top of 
the main body vents the interior of the carbure- 
tor to the atmosphere through a series of vent 
holes. The connections between the ring and the 
carburetor are made by holes drilled in each 
member, which match-up when the carburetor is 
assembled. When the carburetor is in place on 
the engine an air-scoop is attached to the vent 
ring, and the bottom surface of the carburetor is 
attached to the engine adapter that leads to the 
supercharger. 

The construction of the Holley carburetor is 
such that it cannot be primed by moving the 
throttle when the engine is not running, and it is 
therefore necessary to provide an electric primer. 
This supplies fuel on which to start the engine and 
to keep it running smoothly while the engine is 
being warmed up. Each of these parts can be 
removed from the main body of the carburetor 
without disturbing any other part, or the adjust- 
ments of those parts housed in the main body. 
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Gasoline enters the fuel, chamber of the carbu- 
retor at the inlet shown at the lower left-hand 
corner of the assembly, and any impurities car- 
ried into the chamber may be drawn off by re- 
moving the drain plug below the chamber. Air 
enters the carburetor through the large rectang- 
ular opening at the top, passes through the 
venturi, and after picking up the fuel is drawn 
into the engine. 

The throttle is controlled by a throttle lever 
in the pilot’s cockpit, which is connected to the 
throttle lever on the carburetor by the usual, link- 
age. The movement of the throttle is limited by 
stops that are adjusted to meet the requirements 
of the carburetor. Partial compensation for 
changes in altitude up to 8,000 feet is obtained by 
the use of variable-venturi throttles. The in- 
crease of venturi size tends to reduce the air 
velocity with a given weight of air flowing. It 
so happens that up to aibout 8,000 feet, the re- 
duction in velocity resulting from increased 
throttle opening exactly counterbalances the nat- 
ural increase in air velocity resulting from reduced 
air density. 

Additional economy in fuel consumption and a 
more exact altitude adjustment are made by 
means of the manual mixture-control valve, which 
also is operated by a lever from the pilot’s cockpit. 
A pressure gage is attached to the fuel chamber at 
the point indicated on figure 83, as it is important 
that the fuel-supply pump maintain constant 
pressure at all times, and any change in pressure 
must be noted as soon as it occurs. The fuel nec- 
essary to sudden acceleration of the engine is 
obtained by means of a pump, which is operated 
by a change in velocity of the air passing through 
the venturi. When the lever of the mixture-con- 
trol valve is in the shut-off position, a cam on the 
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valve shaft forces the pump-valve lock into the 
closed position, which prevents further operation 
of the pump. 

The incoming air passes through a venturi 
formed by two throttles, which you will see in 
figure 84. (The rear plate has been removed to 
show the interior.) The throttles extend entirely 
across the rectangular opening through the body 
of the carburetor, and are supported by roller 
bearings at each end. Misalinement of the bear- 
ings is prevented by coil springs, which are set be- 
hind the bearings and hold them firmly against 
their pressed-in races. Any rotation of the 
throttle shaft is transmitted to the throttles by 
means of the three partial gears, so that the move- 
ment of the throttles is uniform throughout the 
entire range of action. 

Gasoline is delivered from the fuel-control 
chamber — see figure .83 again — ^to a crosspiece 
known as the metering-pin housing, in which the 
fiow is controlled by a metering pin. It then 
flows to a fuel nozzle — ^which also extends across 
the full width of the opening and divides the air 
space between the throttles into sections. This 
nozzle — ^which you .will see in figure 84 — ^has dis- 
charge holes in its lower end, which distribute the 
fuel evenly across the venturi opening formed 
where the throttles are opened. 

Auxiliary fuel under control of a compensator 
jet is admitted through the external compensator 
line, figure 83, and the compensator opening in 
the rear plate, figure 84, to the opening in the end 
of the fuel nozzle. Air is bled to the fuel stream 
through the main air-bleed. Additional fuel for 
sudden acceleration is admitted to the air stream 
above the throttle through the pump nozzle. 
Leather brushes are fastened to the body of the 
carburetor by flexible attachments, so that they 
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may follow the contour of the throttles as they 
open and close. These brushes prevent leakage 
of air from above the throttles to the space in 
which the fuel and air mix. 

MAIN METERING SYSTEM 

You will see a diagrammatic view of the Holley . 
carburetor in figure 85, which shows the relative 
positions of the various parts when the throttles 
are in their full-opening position. 

The fuel pump sends gasoline to the fuel inlet 
of the carburetor at a gage pressure of 6 to 7 psi, 
from which it flows through the compensator 
venturi and the regulating valves into the fuel 
chamber, which is formed by the fuel-control 
diaphragms. Air exists in the chambers behind 
the diaphragms. The ball-fuel valves are oper- 
ated by the diaphragms through levers, for the 
purpose of regulating the pressure of the fuel in 
the main chamber. 

The valves do not meter the fuel. The levers 
are shown schematically at the bottom of the fuel 
chamber, but actually they and the ball valves are 
located at the side of the fuel-chamber casting. 

A small torsion spring — a spring that ‘‘winds 
up^^ — connects the two diaphragms, and applies 
a very slight force on them tending to pull the 
diaphragms together. The combination of the 
main fuel diaphragms, the diaphragm levers, the 
torsion spring, and the ball-fuel valves constitutes 
the pressure-regulating mechanism in Holley 
carburetors. 

The action of the pressure-regulating mecha- 
nism can be seen more clearly in the separate 
diagram, flgure 86, and can be described best by 
considering the carburetor as the engine starts 
from rest and until it is operating smoothly in 
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ngure 85.— Schematic view of Holley Model F carburetor. 


PARTS SHOWN IN FIGURE 85 


Fuel chamber. 

Compensator venturi. 

Fuel valve. 

Fuel-control dia- 
phragms. 

Vent ring. 

Diaphragm vent. 
Diaphragm chamber. 
Metering pin. 
Fuel-discharge nozzle. 
Valve lever. 

Top valve lever. 

Throttles. 

Throttle openings. 
Discharge - nozzle open- 
ings. 

Metering-pin control 
cam. 

Metering-pin lever. 
Metering opening. 

F uel passage. 

Con 1 pensa tor-chamber. 
Valve diaphragm. 
Compensator - chamber 
passage. 

Compensator chamber. 
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23. Compensator valve. 

24. Compensator - valve 

spring. 

25. Compensator metering 

jet. 

26. Compensator fuel line. 

27. Manual niixture control. 

28. Main air bleed. 

29. Mixing- valve connection. 

30. Mixing-valve passage. 

31. Mixing- valve recess. 

32. Recess in mixing-valve 

body. 

33. Idling adjustment valve. 

34. Idling-valve passage. 

35. Metering-needle passage. 

36. Accelerator vacuum 

space. 

37. Accelerator-pump d i a - 

phragm. 

38. Accelerator-pump valve. 

39. Diaphragm springs. 

40. Pump nozzle. 

41. Pump lock-valve cam. 

42. Accelerator-pump lock 

valve. 
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the higher power range. With the engine at rest, 
there is no fuel jn the fuel chamber and no suc- 
tion at the fuel-discharge nozzle, since no air is 
flowing through the carburetor. When the engine 
is to be started the mixture-control is placed in 
the FULL-RICH position, and the auxiliary fuel 
pump — ^wobble or electric — is operated to build 
up a pressure of about 6 psi at the inlet to the 


TORSION 

SPRING 


to COMPENSATOR, 



TO METERING 
CHANNEL 


VENT 


DIAPHRAGM LEVERS 
FUEL VALVE 

FUEL VALVE SEAT 


FUEL INLET~i^ 

^COMPENSATING VENTURI 
Figure 86. — Diaphragm mechanism of Hoiley corburefer. 


carburetor. The pressure of the fuel against the 
ball valves, aided by the puli’’ of the torsion 
spring between the diaphragms, forces the valves 
off their seats, and the fuel passes into the fuel 
chamber formed by the diaphragms. 

When sufficient fuel has entered the chmnber 
so that its weight overbalances the fuel pressure 
at the ball valves and the tension of the torsion 
spring, the diaphragms move outward and cause 
the levers to shut off the fuel flow at the ball 
valves. When the engine is turned over in start- 
ing, the pressure in the fuel chamber falls below 
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that of the atmosphere for an instant, because 
of the suction at the discharge nozzle, and the 
diaphragms move inward and reopen the ball 
valves. 

Air flowing through the carburetor passes 
through the restricted passage formed by the 
throttles, which are shax>ed so that they form a 
venturi opening in all positions. The increased 
velocity at the throat causes a decreased pressure 
at this point. This reduction in pressure is com- 
mimicated to the space behind the throttles by a 
series of openings spaced across the face of the 
throttles, as you will see in figure 84. This reduc- 
tion in pressure also affects the space in the fuel 
nozzle between the metering pin and the discharge 
openings, through which the fuel flows to mix with 
air at a pressure below that of the atmosphere. 
When in a fully closed position, which is indicated 
in dotted outline in figure 85, fhe throttles press 
against the sides of the fuel nozzle and completely 
cover the discharge opening, thereby preventing 
any further flow of fuel into the carburetor as 
well as completely blocking the air stream. 

A cam on the throttle shaft controls the position 
of the metering pin, through contact with a lever 
the lower end of which is attached to the body 
of the carburetor by a pin joint, while the upper 
end forms a ball-and-socket joint connection with 
the outer end of the metering pin. The position 
of the metering pin therefore bears a definite 
relationship to the position of the throttles, and 
the cam is shaped so that the metering opening 
will deliver the correct amount of fuel for any 
throttle opening. 

COMPENSATOR SYSTEM 

An increase in the engine power above that 
necessary for ordinary cruising speed requires a 
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somewhat richer mixture than is provided by the 
automatic adjustment of the metering pin. This 
requirement is met by an automatic compen- 
sator — also known as the power-enrichment sys- 
tem. The compensator consists of a diaphragm 
that operates a needle valve against a compressor 
spring. The operating force of the compensator 
is the difference in pressures existing on the two 
sides of the compensator diaphragm. 

If you will look at figure 85 closely, you will 
observe that the section of the compensator cham- 
ber at the front — or left-hand end — is connected 
by a channel to an opening into the throat of the 
compensator venturi, and the right-hand — or 
needle — side of the chamber is connected to the 
inlet of the venturi. The pressure difference on 
the two sides of the diaphragm varies with the 
fuel fiow. 

As long as the ball fuel valve is closed, and 
there is no fiow of fuel through the venturi, the 
pressure on both sides of the diaphragm will be 
balanced. The compensator valve will then be 
held in a closed position by its spring, and fuel 
cannot leave the compensator chamber. 

When the throttles are opened and fuel fiows 
through the compensator venturi, the pressure in 
the passage connected to the venturi throat and 
consequently that in the right-hand compensator 
chamber, will be reduced. At some point in the 
fiow of the fuel this difference will be sufficient 
to force the compensator diaphragm back against 
the pressure of the coiled spring, and move the 
needle valve away from its seat. The fuel under 
pressure will then fiow from the compensator 
chamber through the compensator metering jet 
and an external tube— see figure 83 — to the com- 
pensator fuel discharge, which you will see in the 
schematic side section of the discharge nozzle in 
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figure 87. Notice that the compensator discharge 
hole is separated from the main discharge open- 
ings. Before the compensator fuel is discharged, 
it mixes with air from the compensator air-bleed, 
which is formed on the side of the carburetor by 
the mixture-control casting. The compensator jet 
shown in the diagram limits the maximum mix- 
tures when the compensator is open. 



Rgure 87. — Schematic view of compensator on Holley carburetor. 


The difference in pressure on the two sides of 
the compensator diaphragm depends on the quan- 
tity, and therefore the velocity, of the fuel passing 
through the compensator venturi. As the throttles 
are opened further, and the demand for fuel in- 
creases, the difference in pressure in the compen- 
sator also increases. The point at which the valve 
will start to open is determined by the pressure 
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of the valve spring, so that above this point the 
compensation is automatic for all throttle posi- 
tions. Below this point the compensator does 
not act. 

MIXTURE-CONTROL SYSTEM 

The mixture-control system of the Holley car- 
buretor is designed to lean out the mixtures as 
the altitude is increased, because the mixture 
naturally tends to become richer with an increase 
in altitude. The control system is also intended 
to lean out the mixture for long flights at cruising 
power, in order to economize on fuel. A third 
function of the control is to stop the engine by 
shuttting off the flow of fuel. 

The mixture-control is simply a disk valve with 
several passages to control the bleeding of air, and 
hence the pressure, in the diaphragm chamber. 
The control mechanism, which is operated by a 
lever connected through suitable linkage to an- 
other lever in the pilot ^s cockpit, is shown sche- 
matically at the top of the carburetor in figure 85. 
Actually it is attached to the side plate, as you 
will see in figure 83. Suction from the nozzle bar 
enters the mixture-control connection and ‘ ‘ tries 
to get through the passages of the control disk 
into the air chamber behind the main fuel dia- 
phragms. When the control lever is in the full- 
rich position — the position it occupies in the view 
of the control mechanism shown directly above 
the carburetor — the passages through the disk are 
closed, and nozzle suction cannot ‘‘get behind^’ 
the diaphragms. Air at atmospheric pressure 
enters the chambers behind the diaphragms from 
the vent ring and, with the metering pin in the 
full-open position, the two diaphragms are forced 
together, opening the ball fuel valve and causing 
a flow of fuel. 
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The reduced pressure in the fuel nozzle causes 
a specified amount of air to enter through the 
main air-bleed, so that the proper mixture of air 
and fuel is drawn into the carburetor to meet 
ordinary conditions. When the mixture-control 
lever is moved to the lean — cruising-lean — posi- 
tion, some of the suction in the fuel nozzle acts 
through the mixture-control connection and the 
passage in the valve, and reduces the pressure in 
the diaphragm chamber. This results in a reduc- 
tion of the pressure at the metering opening, caus- 
ing some of the suction at the nozzle to “get back” 
to the inlet side of the metering pin, and leaning 
the mixture. The diaphragm vent helps to con- 
trol the mixture as it bleeds off a portion of the 
suction through its connection to the vent ring. 
The size of the vent is such that the mixture will 
not be leaned below a minimum that will give sat- 
isfactory results for all cruising speeds. 

When the mixture-control lever is moved to the 
SHUT-OFF position — which is the position shown in 
the insert above and to the left of the carburetor 
in figure 85 — the recess in the edge of the control 
disk overlaps the recess in the disk body, and the 
suction between the fuel nozzle and the chambers 
back of the diaphragms is unrestricted. When 
the difference between the pressure inside and 
outside of the space occupied by the fuel is suffi- 
cient to force the diaphragms outward, the ball fuel 
valve closes and there is no further fiow of fuel. 
This action causes the engine to stop, and also 
prevents after-firing when the throttles are 
closed. 

The manual mixture-control imit is mounted on 
the rear of the carburetor, as you will see in 
figure 83. It is the part on which the identifica- 
tion plate is mounted. You can dismoimt it from 
the carburetor body by disconnecting the linkage 
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from the control lever, and then removing the 
four capscrews that hold it in place. The operat- 
ing parts are located in the end cap, which you 
can disassemble by removing the two %-inch 
screws that hold the cap to the body. You can 
then shake out the control disk and spring from 
the cap. The disassembled control mechanism is 
shown in figure 88. 

Because several different types of mixture-con- 
trol disks having different characteristics are in 
general use on Holley carburetors, it will prob- 
ably be of help to you to point out the purpose of 
each type, and the means of identifying it. Re- 
gardless of the type of disk that is used, the mix- 
ture-control will not give maximum economy im- 
less the control lever and the lever in the pilot’s 
cockpit are hooked up correctly. Make sure that 
the two levers are connected so that the auto-lean 
position in the cockpit actually corresponds to the 
automatic-lean position on the carburetor. 

The mixture-control disk and mating fiange 
must match in order for the control to operate 
properly. The disk, Type A-193, working against 
a seat integral with the mixture-control housing, 
part A-380, was used on Holley carburetors, 
models 1375 F and 1685 F. Some of the earliest 
1375 H and 1685 H carburetors used disk A-193 
against fiange A-618. Disk A-193 has a cruising- 
lean slot .012 inch wide and approximately % inch 
long. The seat against which the disk operates 
has two circular grooves which aline with the slot 
and holes in the disk. In the full-rich positions, 
the cruising-lean slot and the idle cut-off hole are 
closed, but as the mixture-control is moved toward 
the cruising-lean position, the metering slot is 
gradually exposed to the circular groove in the 
seat. In the cruising-lean position, the slot is 
fully exposed, and no further leaning out is ob- 


Digitized by Google 


253 


Original from 

UNIVERSITY OF CALIFORNIA 








tainable until the idle cut-off position is reached. 

The Model F extended-range disk has a part 
No. A-2043. It is very similar to No. A-193, but 
the size of the cruising-lean slot has increased to 
.015 inch in width and % e inch in length. It is 
used with the same housing flange — part A-380. 
This combination is used only on some Model 1375 
and 1685 carburetors installed on airplanes equip- 
ped with fuel flowmeters, so that a wide range of 
manual adjustment of the mixtures may be ob- 
tained for long-range cruising. 

Because of the increased size of the cruising- 
lean slot, considerably leaner mixtures may be 
obtained with the A-2043 disk than with disk 
A-193, and the use of the flow-meter is necessary, 
since otherwise the engine might cut out or be 
damaged by the excessively lean mixtures. 

TWO-POSITION MIXTURE-CONTROL 

Model H disk A-1997 and mating flange A-1998 
are used on most Model H carburetors and some 
early Model HA carburetors. The A-1997 disk 
does not have an automatic-lean slot, but uses a 
circular groove, which gives a valve-like action in 
conjunction with the holes in the flange. In the 
full-rich position, the passages are closed. 

To control the automatic-lean mixture, a re- 
striction jet replaces the narrow slot used in disk 
A-193. The restriction is located under a plug 
A-1869, which is screwed into one side of the 
flange A-1998. When the mixture-control lever 
is moved into the automatic-lean position, the 
passage in the disk alines with the passage in the 
flange containing the mixture-control restriction. 
Therefore, only two operating mixtures are avail- 
able — automatic rich, and automatic lean. Grad- 
ual adjustment is not possible with this combina- 
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tion. The A-1997 disk is composed of laminated 
phenolic resin, and flange A-1998 is made of 
aluminum alloy. 

Long-range disk, part A-2404, and flange, part 
A-2406, are used on all late-model 1375 HA, 1685 
HA, and 700-H carburetors. In effect, this is a 
combination of the previous types. It includes 
a slot to provide gradual leaning out between 
automatic rich and lean, and a second slot to 
provide further leaning out between automatic 
lean and idle cut-off. As in the Model H two- 
position disk, a restriction is provided to control 
the automatic-lean mixtures. 

The disk A-2404 is made of steel, and resem- 
bles the A-193 except that it has two small slots 
instead of one. You can distinguish the flange 
A-2406 from A-1998 by the fact that it is made 
of brass instead of aluminum alloy, and the hole 
for the restriction is drilled at an angle upward 
in A-2406, and downward in A-1998. The flange 
A-2406 has a plug in one side, but you can dis- 
tinguish it readily by the fact that the side 
through which the plug passes has an irregularly 
shaped extension. 

Manual control of mixtures cannot be obtained 

ABOVE ABOUT 60 PERCENT OF RATED POWER WITH! 
ANY H OR HA TYPE CARBURETORS, because of the 
action of the power mixture valve. The sole pur- 
pose of this valve is to act as a safety device for 
protecting the engine against operating at high 
powers with lean mixtures. 

IDLE SYSTEM 

The engine is brought down to idling speed by 
almost entirely closing the throttles, the metering 
pin at the same time moving to the left — ^in the 
view shown in figure 85 — and practically closing 
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the metering orifice at the end of the pin. Very 
little fuel can then enter the carburetor. Under 
idling conditions, the automatic control of the 
fuel-air ratio cannot be depended upon to give 
satisfactory results, and an idle-adjustment valve 
and an idle air-bleed are provided. Air at atmos- 
pheric pressure bleeds into the suction chamber 
in the discharge nozzle from above the throttle 
brushes, and through the passage in the center 
of the metering pin. This air-bleed is controlled 
by the idle-adjustment lever, and the metering 
force and mixture ratio can be varied slightly by 
changing the position of the lever. The idle pas- 
sage closes off gradually as the throttles are 
opened and the metering pin is pulled out, until it is 
completely closed at about 25 percent maximum 
power and remains closed at points above this. 

Adjustment of the idle speed and idle mixture 
is given under model H idle system. 

ACCELERATION SYSTEM 

The accelerating system of the Holley carbu- 
retors is of the vacuum-operated diaphragm type. 
If you will refer to figure 85 again, you will see 
that the pump is located between the casting that 
forms the wall of the air chamber behind one of 
the fuel-control diaphragms, and the body of the 
carburetor. You will observe, also, that the pump 
consists of an inlet check valve*, an outlet spray 
nozzle, a pump diaphragm, and three coiled 
springs — only two of which are shown — for mov- 
ing the diaphragm, a pump lock valve, and a 
pump lock-valve cam. 

The diaphragm separates the pump chambers 
into two sections. One side is open to the suction 
below the carburetor when the throttles are closed 
and the engine running, the other side forming 
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a gasoline chamber with the inner wall of the 
main diaphragm chamber. 

The springs are on the vacuum, or suction, side 
of the diaphragm and tend to apply pressure on 
the fuel on the other side of the diaphragm. The 
inlet check valve is located in the bottom of the 
main-diaphragm fuel chamber. The outlet spray 
nozzle — shown as the pump nozzle on the dia- 
gram — is located beneath the metering channel, 
and directs the accelerator charge in the direction 
of the air stream through the carburetor. The 
operation of the accelerating system is as follows : 

With the throttles in a partly closed position, 
as for idling, a partial vacuum is created in the 
right-hand side of the accelerator-pump chamber. 
This reduction in pressure is sufficient to permit 
the fuel to open the pump valve and flow into the 
left-hand space in the pump chamber. The pres- 
sure of the fuel is great enough to force the 
diaphragm back against the pressure of the coiled 
springs, but not enough to force the fuel out of 
the pump nozzle against the pressure of the air 
above the throttle. As soon as the springs are 
fully compressed, the flow of fuel into the pump 
chamber stops, and the accelerator-pump valve is 
closed by means of a light spring. This action 
primes the pump. A sudden opening of the 
throttles to accelerate the engine, breaks the 
vacuum in the right-hand side of the pump cham- 
ber. The increased air pressure in this space, 
together with the recoil of the diaphragm springs, 
is then sufficient to force the fuel from the pump 
chamber, through the pump nozzle, and into the 
air stream. 

The pump lock-valve cam is operated by the 
manual mixture-control lever — as you will see in 
figure 83. When the mixture-control valve is 
turned to the shut-off position, the lock-valve 
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cam forces the pump lock valve to its seat against 
the bottom of the pump air chamber, sealing this 
chamber and preventing any change of air pres- 
sure that would cause the pump to operate. 

The action of the pump is entirely automatic, 
there being no mechanical linkage between the 
pump and the throttles as in other types of car- 
buretors. Therefore, this type of carburetor can- 
not be used to prime or flood the engine by 
opening or closing the throttles, when the engine 
is not running. However, when the accelerating 
pump is locked by the lock valve in the roLE cut- 
off position a high suction exists in the right- 
hand, or air, chamber of the pump. 

The diaphragm springs will be highly com- 
pressed, and there will be a full charge of fuel 
in the pump fuel chamber. With the leather seal 
of the pump lock valve in good condition, the 
suction will hold as long as 15 minutes. If the 
airplane is on the ground for only a short time, 
the engine will receive a priming charge when 
the mixture-control lever is placed in the full- 
rich position upon restarting. 

MODEL H CARBURETORS 

Now, that you understand the construction and 
operation of the Holley Model F carburetors, you 
won’t have any trouble in extending this knowl- 
edge to include the Model H carburetors, because, 
as stated before, the Model H retains all the basic 
principles and characteristics of the Model F. 

A schematic view of the Model H carburetor 
is presented in flgure 89, and if you study this 
construction, you will see that there are a few 
major changes in design. These include the addi- 
tion of a built-in vapor separator, a stabilizer 
valve, a power-mixture valve, and a changed idle 
system. You will observe further that the main 
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air-bleed has been moved to a protected position 
within the vent ring, the construction of the com- 
pensator needle has been changed, and the throttle 
brushes are of a different design. Both the 
brushes and the metering-needle bushings are 
made of molded plastic material to prolong the 
length of their useful service. 

VAPOR SEPARATOR 

The vapor separator used on the Holley, Model 
H, carburetor is of the built-in type, although it 
is shown as a separate unit above and to the left 
of the carburetor in figure 89. The purpose of 
this separator is to remove fuel vapor from the 
line before gasoline is metered in the carburetor, 
since vapor affects the metering characteristics 
of the carburetor. 

The vapor separator is located in the diaphragm 
chamber in the front end of of the carburetor, 
the design of the chamber having been modified 
so as to have the fuel inlet valves at the top. Any 
fuel vapor liberated at this point has easy access 
to the vapor separator. As shown diagrammati- 
cally in the illustration, the separator consists of 
a fioat that operates a slide valve in the upper end 
of the separator housing. The height of the fioat 
depends upon the level of the fuel in the main 
fuel chamber between the diaphragms. As the 
fuel level in this chamber descends as a result of 
vapor formation, the fioat lowers and opens the 
valve. The valve outlet is connected to the space 
below the throttles, and the suction at this point 
causes the fuel vapor to be drawn into the engine. 
The fuel level in the main fuel chamber then 
raises and shuts the slide valve. 

The fuel that goes to the metering orifice is 
drawn from the diaphragm chamber at a point 
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Figure 89.— Schematic view of Model H Holley carburetor. 


PARTS SHOWN 

1. Power compensator as- 

sembly. 

2. Compensator venturi. 

3. Fuel valve. 

4. Fuel -control diaphragms. 

5. Vent ring. 

6. Fuel inlet. 

7. Vapor separator. 

8. Metering pin. 

9. Fuel-discharge nozzle. 

10. Metering channel. 

11. Main diaphragm vent. 

12. Throttles. 

13. Stabilizer valve. 

14. Power mixture-valve as- 

sembly. 

15. Metering-pin control 

cam. 

16. Stabilizer lever. 

17. Stabilizer capsules. 


IN FIGURE 89 

18. Stabilizer tapered slide 

valve. 

19. Stabilizer lever spring. 

20. Vapor - separator dash- 

pot. 

21. Power mixture valve. 

25. Compensator metering 

jet. 

26. Compensator fuel line. 

27. Manual mixture-control. 

28. Main air-bleed. 

33. Idle adjustment valve. 

37. Accelerator - pump dia- 

phragm. 

38. Accelerator-pump valve. 

40. Pump nozzle. 

41. Pump lock-valve cam. 

42. Accelerator - pump lock 

valve. 
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close to the center of the diaphragms, which 
assures that only vapor-free gasoline will go to 
the carburetor. 

The flared lower end of the float assembly forms 
the piston for the vibration damper. When the 
airplane — and hence the carburetor — is inverted, 
or upside down, the dashpot at the lower end 
holds the float down — ^toward the valve, in such a 
case — and renders the valve inoperative. The 
small hole through the dashpot relieves the suc- 
tion on. the underside, and must therefore be kept 
open. 

STABILIZER VALVE 

The stabilizer valve of the Holley Model H 
carburetor provides an automatic altitude and 
engine-load compensator. The stabilizer valve is 
located .at the back of the carburetor in the 
stabilizer casting on which the identiflcation plate 
is mounted. The stabilizer valve and the mixture- 
control , valve come off the carburetor as a single 
unit when the four capscrews that hold ^e imit 
are removed. 

In the schematic view of the carburetor, figure 
89, the stabilizer is shown above and at the right- 
hand end of the carburetor body. You will see 
that there are three openings into the stabilizer 
housing, the one at the top being connected 
through, a channel to the manual mixture-control, 
and the one at the bottom through another chan- 
nel to the metering channel. A third channel 
leads from the sliding valve in the stabilizer to 
the air space behind the main fuel diaphragms. 
Joining this passage at the point where it enters 
the main body of the carburetor, you will observe 
another passage through the cover to the vent 
ring. In this passage is a vent which controls 
the flow of air from the vent ring to the space 
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outside the diaphragm chamber. This vent oper- 
ates in conjunction with the stabilizer valve and 
therefore affects the rate of altitude and load, and 
the mixtures in general. Within the stabilizer 
housing are two flat capsules, pivoted at the top 
to the housing and at the bottom to a movable lever. 
The air has been withdrawn from these capsules 
down to 1 inch absolute pressure, and the cap- 
sules are .then sealed. They expand or contract 
under changes of nozzle suction to which they are 
exposed through the lower channel. 

The nozzle suction is, in turn, responsive to 
altitude and engine load. The free, or movable, 
end of the lever carries a slide valve that con- 
trols the passage leading to the air space behind 
the fuel diaphragms, and any movement of the 
capsules is transmitted to the lever and hence to 
the slide valve. 

As the airplane gains altitude, the capsules 
expand, push the lever down and increase the 
stabilizer valve opening. This increases the suc- 
tion behind the main fuel diaphragms, and auto- 
matically corrects the normal tendency of car- 
buretors to give a richer mixture with increasing 
altitude. A decrease in the engine load increases 
the suction in the valve chamber, thus providing 
automatic load compensation. 

The slide valve of the stabilizer is connected in 
parallel with the manual mixture-control valve — 
already explained in detail — and is in operation 
at all times, both in full-rich — auto-rich — and 
cruising-lean — auto-lean — positions of the man- 
ual mixture-control. Since the stabilizers on 
Holley 1375 and 1685 automatic carburetors are 
located on the side of the carburetors, they are 
affected by the heat of the engine rather than by 
the air stream. For this reason, they are not air 
filled, and are not temperature compensating. 
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Certain models of Holley carburetors are 
equipped with air-filled capsules to compensate 
for temperature but the stabilizer device must be 
located in. the air stream inside the carburetor, in 
order to be responsive to air-temperature varia- 
tions only, and not engine-temperature variations. 

POWER-MIXTURE VALVE 

A power-mixture valve is provided on a Holley 
carburetor to prevent the airplane pilot from 
using cruising-lean mixtures at high engine out- 
put, which would be liable to cause serious injury 
to the engine. This valve is shown above and to 
the left of the carburetor in the schematic view, 
figure 89, in order to show the connections in 
relation to .the other parts of the carburetor. 
Actually, the valve assembly is located at the 
rear of the carburetor, at the upper left-hand 
side, as viewed from the rear. 

The power mixture valve is in series with the 
manual mixture-control valve, and closes the con- 
trol-valve passage when the rate of fuel fiow 
through the compensator venturi exceeds that for 
which the valve was adjusted, which would be the 
case when a certain power output was being ex- 
ceeded. As you will see in figure 89, the valve 
consists of a housing divided into three compart- 
ments by two diaphragms, which are held apart 
by a so-called stiffener. One compartment, or 
chamber, is above the top diaphragm, another be- 
tween the diaphragms, and the third below the 
bottom diaphragm. This description has refer- 
ence to the schematic diagram because the actual 
valve assembly lies on its side, so that the dia- 
phragm corresponding to the top one, figure 89, 
is at the left-hand side, and the lower one at the 
right-hand side. 
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The stiffener between the diaphragm holds a 
sliding slotted valve against a mating seat in the 
air-bleed passage by means of a soft coiled spring. 
The ends of the spring fit into recesses in the 
valve and stiffener. A spring above the upper — 
or left-hand — diaphragm returns the two dia- 
phragms to their balanced position when pres- 
sure tending to move them is released. A move- 
ment of the diaphragms produces a movement of 
the sliding valve over its mating surface. 

Look carefully at figure 89 and you will see 
that the chamber above the top diaphragm is con- 
nected through a channel to the space on the left- 
hand side — spring side — of the compensator dia- 
phragm. The upper chamber is therefore sub- 
jected to the pressure at the compensator venturi 
throat, since the left-hand compensator chamber 
is ported to the throat. The lower chamber of 
the power mixture valve, that is, the one below the 
lower diaphragm, is open to the space on the 
right-hand side — the valve side — of the compen- 
sator diaphragm, and is therefore subjected to the 
venturi inlet pressure. 

Therefore, a difference in pressure in the two 
chambers causes the diaphragms to move against 
the tension of the spring. The upper and lower 
chambers are filled with fuel, while that between 
the diaphragms is air filled, being connected to the 
space behind the main fuel diaphragms. The 
slide valve is in the passage leading from the 
manual mixture-control valve, and when the valve 
is open, this passage is connected to the chamber 
between the diaphragms. 

When the engine reaches a certain speed, the 
increased fiow of fuel through the compensator 
venturi causes an increased suction at the venturi 
throat, which will move the diaphragm assembly, 
together with the slide valve, down against the 
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tension of the coiled spring. The valve will then 
shut off the flow of air from the space behind the 
main fuel diaphragms to the manual mixture-con- 
trol disk. This will return the mixture to full- 
rich, as air must flow through this passage for 
cruising-lean operation. 

Shims are placed between the coil spring and 
the cover to keep the valve open in all lower power 
ranges. The valve should close at about 65 per 
cent of maximum power, and remain closed above 
this point. At all degrees of power below 65 per- 
cent of the maximum, the pilot can select either 
full-rich or cruising-lean, because the power-mix- 
ture valve is open. If the cover of the valve is 
removed for any reason, be sure to return the 
shims exactly as you found them — ^no more or 
less — unless a flow test shows that the shde valve 
does not close at the right point. Another pre- 
caution — do not use carbon tetrachloride, or clean- 
ing fluids containing carbon tetrachloride or benzol 
on the neoprene diaphragms, as it will cause the 
material to deteriorate. 

INERTIA VALVE 

Another device sometimes used in Model H, 
HA, and F carburetors, when they are installed 
on dive-bomber airplanes is the inertia valve. 
The centrifugal force of a ^‘pull-out” after a dive 
adds a force on the main fuel diaphragms, which 
tends to reduce the metering force and produce 
lean mixtures. This is corrected by the use of an 
inertia valve, which is located on the rear end of 
the carburetor in the line from the supercharger 
outlet to the air chambers behind the main fuel 
diaphragms. The valve is weighted and is held 
to its seat by a coiled spring. When the centrif- 
ugal force acts on the fuel in the fuel chamber, it 
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also causes the weighted valve to move away from 
its seat against the pressure of its closing spring. 
This allows pressure from the supercharger to get 
into the space behind the main fuel diaphragms, 
and overcome the tendency toward leanness. 

MODEL H IDLE SYSTEM 

Figure 90 is a section of figure 89, enlarged so 
as to show more clearly the operation of the idle 
system of the Model-H Holley carburetor. You 
will recognize it as being similar in many respects 
to the idle system of the Model-F carburetor, but 
the design has been changed so as to give an ap- 
preciable greater range of adjustment of the 



idling mixture. For one thing, you will notice 
that the point of the metering pin is hollow in 
the Model-H carburetor, instead of being solid, a 
small hole in the end of the pin supplying the fuel 
for idling. 

The fuel is drawn through the hollow portion 
of the metering pin by suction, the extent of which 
is determined by the position of the idle-adjust- 
ment valve. The suction increases as the ad- 
justment valve is moved to the rich (down) 
position, since this shuts off the idle air-bleed, and 
causes a greater fiow of fuel through the channel 
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in the metering pin, thus giving a richer idle 
mixture. 

When the idle adjustment is moved tip to the 
L (lean) position, the idle air-bleed is opened, 
thus reducing the suction in the metering pin, and 
producing a leaner idle mixture. As in the case 
of the Model F carburetor, the idle system of the 
Model H carburetor goes out of action as soon 
as the throttles are opened beyond the idling 
range, because the metering pin is moved back — 
to the right in the illustration — and the cross- 
drilled idle holes are closed by the pin bushings. 

When adjusting the idle on Model H carbu- 
retors, set the idle-adjustment lever about 5 
notches from the R (full-rich) position, and turn 
the upper throttle stopscrew in or out until the 
proper idle speed is obtained. Moving the stop- 
screw in increases the idle speed, and moving it 
out decreases the speed. Then move the idle- 
adjustment lever one notch at a time in whichever 
direction increases the speed orf the engine, and 
readjust the idling speed at the throttle stop. 
Moving the idle lever down makes the idle mix- 
ture richer, and moving it up makes the idle 
mixture leaner. Repeat these steps until no fur- 
ther increase is noted in the rpm. The idle set- 
ting is correct when there is a tendency for the 
speed to drop off slightly as the main mixture- 
control is moved from the full-rich to the CRiris- 
ING-LEAN stop. 

MODEL H COMPENSATOR NEEDLE 

The compensator needle valve of the Model H 
carburetor has a wedge shape, instead of a conical 
shape as in the Model F carburetor. You can get 
a very good idea, of the shape of the valve from 
figure 89, even though this is only a schematic 
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view. You will note that the valve seats in a 
socket in which it is held by a spring — ^represented 
by the dots — ^which allows for some side motion 
between the needle and the diaphragm, and serves 
*to take up any misalinement that may exist. It 
was found by experimentation that the wedge- 
shaped needle provides better control over the 
metering characteristics than could be obtained 
with the conical-shaped needle. 

If it is necessary to replace the compensator 
needle, be sure to use one of the same size and 
angle as the one being replaced. 

NEW MATERIALS 

The THROTTLE BRUSHES in the Model H car- 
buretor are constructed of molded plastic mate- 
rial, and are backed by springs, which insures 
that the brushes will maintain a positive seal 
over an indefinite period of time. If it becomes 
necessary to replace these brushes, it is recom- 
mended that you replace the entire brush assem- 
bly. The assemblies may be interchanged from 
one throttle to another, but are not interchange- 
able between Model F and Model H carburetors, 
because of the fact that the diameter of the H 
throttles is less than that of the F throttles. 

The METERING-CHANNEL BUSHINGS of the Model 
H carburetors are constructed of molded plastic, 
also, to increase their serviceable life. The bush- 
ings serve three purposes in the H carburetor. 
The first is to guide the metering pin in the meter- 
ing orifice. The second purpose is to provide a 
shut-off of the air supply — the cross-drilled holes, 
figure 89 — of the idle adjustment, after the pin 
has moved behind the range of idle operation. 
And the third purpose is to prevent air from 
entering the idle-adjustment passage except 
through the idle-adjustment valve. 
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MODEL HA CARBURETORS 


The Holley Model HA carburetors embody the 
same basic constructional details as the Model F 
and the developments of the Model H, and, in* 
addition, have a few structural features in which 
they differ from both the other types. As was 
stated previously, these changes are in the fuel- 
regulator, or diaphragm, section and in the vapor 
separator. The main difference in the diaphragm 
system of the HA carburetor is in the method 
of delivering fuel to the metering channel. If 
you will refer to figure 89 again, you will note 
the standpipe that leads from the top of the dia- 
phragm, or main-fuel, chamber to the metering 
channel. 

If you will now look at figure 90, you will find 
that instead of drawing the fuel from the top of 
the fuel chamber. Model HA carburetors take 
the fuel from points near the bottom of the cham- 
ber. In the actual carburetor, two standpipes are 
employed to carry the fuel to the metering chan- 
nel. This system gives a more efficient isolation 
of vapor from the fuel than is possible with the 
earlier Holley carburetors. 

The capacity of the Model HA vapor separator 
has been increased to approximately eight times 
the capacity of that used in the H model, and the 
action of the fioat has been improved by the addi- 
tion of a vapor-separator suction control. The 
fioat of the Model HA vapor control is located in 
the same position as in the H carburetors, but the 
former type differs essentially in the valve that 
controls the escape of the fuel vapor. 

The general construction of the vapor separator 
is shown in the diagram, figure 91. You will see 
that the fioat mechanism is located at the left-hand 
end of the fuel chamber. The center of the fioat 
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forms a cylindrical valve into which fits the stem 
on which the float moves. The stem has 12 .055- 
inch holes drilled into it, which are normally kept 
closed by the float valve. 

When sufficient vapor accumulates in the fuel 
chamber to cause the fuel level to lower, the float 
drops, uncovers the holes in the valve, and opens 
the interior of the fuel chamber to the space 
below the throttles, allowing the vapor to be drawn 
off. When the vapor is released, the float rises 



* Figure 91. — Holley, Model HA, vapor separator and separator control. 

and closes the holes in the stem. Three .030-inch 
holes above the 12 larger ones, slow the action 
of the float and prevent sudden fluctuations. 
When the airplane — and hence the carburetor — 
is turned upside down, the monel pin seen below 
the float, drops on the float valve, and, by its 
w^eight, prevents the float from functioning until 
the airplane once more rights itself. 

The opening at the top of the float- valve stem 
of the vapor separator of the HA carburetor is 
in communication through a channel and a con- 
trol VALVE with the space below the throttles. 
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The hook-up and construction of the control valve 
are shown in figure 91. The valve is in the open- 
ing to the space below the throttles and is held 
off its seat at all times by a coiled spring, except 
when the suction below the throttles is sufficient 
to overcome the tension of the spring and close 
the valve. This happens at low fuel nows, where 
the throttles are nearly closed, and only small 
amounts of vapor must be eliminated. With the 
valve closed, the only passageway for the vapor is 
through a small bypass below the valve. 

At high fuel fiows, where the throttles are well 
open and the suction below the throttles is low, 
vapor forms faster than it can be eliminated by 
the bypass hole. Since the tension of the spring 
is now greater than the pull or suction below the 
throttles, the separator-control valve leaves its 
seat and gives a greater area for the escape of 
the vapor. 

Directly over the valve you will see a bleed line, 
which leads from the outside atmosphere to a 
restricted opening. This enables the control valve 
to close again when the throttles are closed and 
the suction once more has reached a low point. 
The size of the restriction in the bleed line is 
determined so that the action of the control valve 
will be smooth and steady, thereby increasing the 
smoothness of the vapor-separator action. 

MODEL 1685-HAR CARBURETOR 

The modifications installed on 1685-H and HA 
carburetors in order to form the 1685-HAR model 
are outlined in the following paragraphs. You 
must remember, however, that the model designa- 
tion is changed only when all four modifica- 
tions HAVE BEEN MADE. The installation of one, 
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two, or three of the new parts does not carry with 
it a change in model designation. 

The COMPENSATOR-VENTURI EXIT RESTRICTION is a 

special fuel venturi provided as an additional 
safeguard against the loss of power at take-off, 
which is the result of over-rich mixtures. These 
venturis are made for both 1685 and 1375 car- 
buretors, being stamped 1685 and 1375, respec- 
tively, on their hexagonal surfaces. They re- 
semble the standard venturis that they replace, 
but have a restriction at the inner end. The re- 
duced size of the outlet holds take-off mixtures 
within the proper limits, despite any enrichment 
that may result from malfunctioning of the sta- 
bilizer valve. The use of the restricted fuel ven- 
turi does not change the metering characteristics 
of the carburetor. 

When the new restricted fuel venturi is in- 
stalled, stamp the letter R three-quarters of an 
inch above the fuel-pressure connection. 

The ALTITUDE MIXTURE-CONTROL UNIT is designed 
to replace the stabilizer unit used on models 1375 
and 1685 H and HA Holley carburetors. The 
new altitude unit differs from the stabilizer unit 
in the following constructional details — 

A beryllium-copper capsule assembly in the 
new imit replaces the individual brass capsules 
used in the stabilizer. The new alloy is much 
superior to brass for the purpose used, and the 
single assembly eliminates the capsule separators 
and buttons of the old unit, which were subject to 
wear. 

A metering pin and orifice replace the slide 
valve. 

An oil-less metering-pin bushing reduces fric- 
tion to an absolute minimum. 

A laminated-paper filter is added to filter the 
air to the diaphragm vent. If dirt or grease 
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should happen to get into the diaphragm-vent air 
supply, it would tend to clog the vent and affect 
the calibrations. 

The operation of the altitude unit is similar in 
principle to the stabilizer unit that it replaces. It 
corrects the carburetor metering for changes in 
air density at different altitudes, and for engine 
loads. Air from a vent ring passes through a 
laminated-paper filter, and through the main dia- 
phragm vent. It is then metered through the 
metering valve and orifice. 

The large passage leading to the metering valve 
and orifice is connected to the air space behind the 
fuel diaphragms. A large chamber containing 
the capsule, is connected by a passage to the nozzle 
suction. An increase or decrease in nozzle suction 
due to a change in altitude or engine load, acts on 
the capsule and causes it to expand or contract, 
respectively. 

The capsule actuates the metering valve, and 
causes it either to open or close, allowing more or 
less suction to be applied to the air space behind 
the main fuel diaphragms. A difference in the 
pressure on the main fuel diaphragms affects the 
mixture ratio by changing the metering force, as 
in the case , of the earlier stabilizer imit. 

A THROTTLE-OPERATED ACCELERATOR PTJMP, aS ‘ 

used on 1685-HAR carburetors, gives a positive 
mechanical action to the pump, increases its re- 
liability, and improves its accelerating character- 
istics. It is designed to replace the diaphragm- 
type pump in order to fill the military need of 
larger engines for faultless acceleration under the 
most adverse conditions. 

The new accelerator pump is a mechanically- 
hydraulically operated system. A throttle-oper- 
ated cam and piston exert pressure on a semi- 
confined body of fuel. The fuel, in turn, forces 
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a diaphragm to open a valve and allow fuel to 
flow from- the fuel inlet into the carburetor air- 
stream at operating fuel pressure. 

The installation of the mechanical accelerator 
pump can be done successfully only at a fully 
equipped overhaul station, where all the neces- 
sary parts and a Holley test stand are available. 

The new synthetic rubber-nylon diaphragms 
have a nylon fabric base and are coated with a 
synthetic rubber. They do not shrink at all when 
exposed to conditions of high humidity — shrink- 
age was a drawback of older type diaphragms — 
and are also more flexible than the former ones at 
extremely low temperatures. 

The new diaphragms have exactly the same 
appearance as the old ones, except that they feel 
somewhat more flexible. They may be distin- 
guished by a large letter N stamped on them in 
orange or red ink. This signifies that they are 
made of nylon-base material. 

All carburetor diaphragms in stock should be 
stored under cover in a cool, dry place, and under 
no circumstances should be exposed to direct 
sunlight, since immediate deterioration of the 
synthetic rubber will set in as a result. 

HOLLEY ELECTRIC PRIMER 

It was previously explained that, since the accel- 
erator pump is entirely independent of the 
throttles, the engine cannot be primed or flooded 
by opening or closing the throttles when the engine 
is not running. All Holley carburetors therefore 
are designed so that an electric primer, specially 
built for the purpose, can be bolted to the top of 
the fuel-control housing. The primer has a sole- 
noid-operated needle valve built into the fuel-inlet 
casting. Solenoids are available for all voltages 
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used in aircraft. The electrical connections are 
either of the plug-in type or the binding-post type, 
and either is adapted for use with standard shield- 
ing. Several different styles of fuel inlets are 
available to accommodate various installations. A 
thumb-operated, manual-control button can also be 
supplied on the primer unit, to enable a mechanic 
to open the primer valve in case the electrical 
system may be disconnected or out of order. 

You will see a diagrammatic section of the 
Holley electric primer in figure 92. Electric cur- 
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Figure 92. — Holley electric primer. 


rent from the airplane storage battery energizes 
the coil — or solenoid — ^which in turn magnetizes 
the soft iron core around which the coil is wound. 
The magnet thus formed raises a needle valve from 
the fuel chamber through a special priming con- 
nection to the fuel-discharge nozzles. The electric 
primer serves to bypass the fuel from the fuel 
chamber directly to the fuel nozzles under sufficient 
pressure to insure discharge into the air stream. 

In order to start the engine, it is first primed 
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by building up fuel pressure with the wobble or 
auxiliary electric pmnp and closing the primer 
switch for approximately 5 seconds. The engine 
is then started, keeping the throttle lever in the 
nearly closed position, or the position that will 
keep the engine running at about 700 to 800 rpm 
after it starts. 

As soon as the engine begins to run, the fuel 
pressure will be maintained by the engine-driven 
fuel pump, and thereafter the primer may be 
operated by closing the switch for as long as 
necessary to keep the engine running smoothly 
while it is warming up. 

To INSTALL THE ELECTRIC PRIMER on a Carbu- 
retor not formerly so equipped, you will have to 
remove the old fuel-inlet assembly. The primer 
outlet connection must be tapped for a %-inch 
pipe-thread fitting, and then be connected to the 
regular priming system of the engine. The out- 
let of the primer may be piped directly to the 
%-inch tapped hole at the front of the lower 
flange of the carburetor, in which case all of the 
primer unit except the wiring becomes one piece 
with the carburetor making maintenance and 
inspection more simple. In the type of cover 
assembly illustrated, the cable terminals are 
underneath the cover, and the cover must be 
removed to make the electrical connections. The 
type of cover with the offset socket is pressed 
over the terminal-post nut, this serving to direct 
the plug opening in the proper direction. 

The electric primer may fail to operate because 
the electrical circuit through the unit is not com- 
plete as a result of a poor ground connection. A 

g oor ground connection may be caused by the 
Im of anodization on the casting of the primer 
housing, which acts as an insulator. Before con- 
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demning a primer unit, therefore, make a check 
for proper grounding of the unit. 

To insure a good circuit from the solenoid 
ground binding post — the uninsulated post — ^to the 
solenoid shell, remove the nut from this post, and 
install an internal lockwasher on the post. Then 
reinstall the terminal-post nut and tighten it 
down. The teeth on the internal lockwasher will 
break through the anodic film and give a good 
contact between the metal parts. Use a wrench 
of the proper size, however, and use judgment in 
the amount of pressure applied. The binding 
post, which is made of brass, can be easily broken 
by applying an unnecessary amount of strength 
to the wrench. 

Also, be sure that the shell of the primer makes 
good contact with the airplane engine ground 
system. This can usually be accomplished by 
removing one or more of the screws that hold the 
casting in place on the carburetor, and scraping 
the anodic film from the metal beneath the screws. 
Screwing the screws down tight should then make 
a good connection, but, as a further precaution, 
run a piece of cable or other conductor, from one 
of the fastening screws to some point on the 
engine ground system. 

If the primer fails to open in service, check for 
the following causes — 

Primer connected in circuit of improper volt- 
age. The correct voltage is stamped on the 
core of the solenoid. Never use the primer ' 
with any other voltage. 

Defective solenoid. 

Poor electrical connections. 

Improper clearance between the needle and 
the needle guide. 

An extra or too-wide a gasket placed between 
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the primer cover assembly and the inlet 
casting, causing a too-great air gap. 

Improperly made connections. 

ENGINE OPERATION WITH HOLLEY CARBURETORS 

You will find the following suggestions of great 
assistance in obtaining the best service from air- 
plane engines using Holley carburetors. 

Before starting the engine, first make sure that 
all fuel tanks are filled with the proper grade of 
gasoline ; check the priming line, pump, and valve 
for proper operation; and check the throttle and 
mixture controls for smooth, unobstructive action 
(see item 3 under starting for exceptions). 

When* starting the engine, observe the fol- 
lowing steps in the order given — 

1. Set the fuel-supply cock that supplies the 
proper fuel for “take-off’’ to the on position. 

2. Set the throttle control for a speed of 700 
to 800 rpm when the engine is started, which 
will be the nearly closed position. 

3. Set the mixture in the full-rich position. 
Note. — ^An exception to this is made in the case 
of restarting an engine a short time after start- 
ing. In such a case, leave the mixture control 
in the fuel cut-off position, thereby locking a 
charge of fuel in the accelerator-pump chamber, 
as previously explained. Subsequent movement 
of the mixture control to the fuli.-rich posi- 
tion — see item 7 — ^will release this charge, and 
aid the starting. 

4. Set the carburetor air heater to the full- 
cold position. 

5. Operate the pilot’s hand pump or the elec- 
tric auxiliary pump to obtain a fuel pressure of 
from 6 to 10 psi, as indicated. 

6. If the engine is cold, prime it. If the car- 
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buretor is equipped with an electric primer, 
follow the instructions given under that subject. 
If not, prime with from four to six strokes 
with the primer pump. Do not attempt to 
prime the engine by moving the throttles — 
reason previously given — and it will be found 
difficult to start the engine if the throttle is held 
in any other than the cracked-open position. 
Do NOT OVER PRIME. If the engine becomes 
flooded, open the throttle and turn the engine 
over with the starter, untU the cylinders are 
cleared of fuel. Make certain that the ignition 
switch is in the off position when clearing the 
cylinders. When cleared, return the throttle to 
the position for an engine speed of 700 to 800 
rpm. 

7. After the starter has been engaged and the 
engine turned over one revolution, tum the 
ignition switch on, and if the mixture control 
has been left in the fuel cut-off position — see 
item 3 — ^move it quickly to FUiii rich. As the 
engine starts to fire, use the hand pump slowly, 
or turn on the electric pump, and continue to 
prime until the engine runs smoothly. 

8. Open the throttle slowly to give an engine 
speed of approximately 1,000 rpm. 

Always be sure that the primer valve is closed 
after starting. The carburetor mixture control 
should be left in the FUXii-RiCH position during 
the warm-up period. 

If the engine fails to start after a reasonable 
number of attempts, consult the section in this 
manual on carburetor troubles, and any manu- 
facturers’ charts that may be handy, in order to 
ascertain the possible cause. 

Before the airplane leaves the ground, the 
fuel system should be checked to see if the normal 
operating pressure of 6 to 7 psi at the carburetor 
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is maintained. When the pressure gage is located 
at an appreciable distance above or below the 
carburetor inlet, and the liquid-filled pressure 
tubing is used, you must make allowance, and 
then note the necessary correction on the gage or 
on the instrument board next to the gage. 

Also, check the idle speed and the idle mixture 
and adjust if necessary — see model-H idling sys- 
tem. Another excellent way to adjust the idle 
mixture is to have another mechanic watch the 
manifold-pressure gage while you carefully change 
the idle-mixture adjustment. You will have the 
best idle-mixture adjustment when the lowest 
manifold-pressure reading is obtained. 

At the time of take-off, set the carburetor 
mixture control in the full-rich position — ^this is 
a “must’’ — regardless of the altitude of the air- 
port from which the take-off is being made. The 
carburetor is provided with sufficient altitude com- 
pensation to cover such emergencies. 

The carburetor requires no attention on the 
part of the pilot for ordinary fiying, except for 
the movement of the throttle lever to obtain power 
changes. Ordinarily, when running at cruising 
power in level flight, the mid — or cruising- 
LEAN — ^position of the mixture-control is used to 
obtain maximum economy. However, the best 
procedure is to follow strictly the instructions of 
the engine manufacturer in this respect. 

If at any time you find it necessary to apply 
heat to the carburetor, or to increase the heat al- 
ready being supplied, always first set the mixture- 
control in the full-rich position — ^if it is not al- 
ready in this position — and then readjust and 
“lean” the mixture according to the engine manu- 
facturer’s instructions. 

Before landing, always move the mixture-con- 
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trol to the full-rich position before closing the 
throttle. 

Before stopping the engine, first let it cool off 
properly, according to the manufacturer’s in- 
structions. Then move the mixture-control to the 
IDLE CUT-OFF position. When the engine stops — 
which should occur within a few seconds — and the 
propeller stops rotating, turn the ignition switch 
OFF. Do not move the mixture-control from the 
SHUT-OFF position after the engine stops. 

HOLLEY CARBURETOR MAINTENANCE 

The fuel system of the airplane must be given 
periodic inspections. While many of the follow- 
ing maintenance checks apply to all systems re- 
gardless of the make of carburetor equipment, 
others have definite application to Holley models. 

After each 25 hours of service, or any time 
that the airplane is brought in for a minor over- 
haul, make the following checks in the fuel system. 

1 . Check all fuel connections for leakage. 

2 . Check throttle-lever and mixture-control 
lever attaching nuts for tightness. 

3 . Check all control-rod connections to see if 
they are properly safetied. 

4. Check the nuts that attach the carburetor 
to the engine adapter and scoop adapter for 
tightness and for proper safetying. 

5 . Check the parting surfaces of the dia- 
phragms and comj)ensator sections for see- 
page — which will be indicated by discoloration 
from dye in the ethyl fuel. 

After each 100 hours of service, you should 
make a more extensive maintenance check, in- 
cluding the following — 

1. Remove the scoop and the throttle-control 
rod, and check the throttles for freedom of 
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movement, looseness of the bearings, and ex- 
cessive backlash in throttle gears. 

2. Check the carburetor for flooding and 
leaking. References are made to leakage at 
various points in specifying different engine 
troubles. 

3. Check the screws that attach the scoop 
adapter to the carburetor and make sure that 
they are tight. 

4. Remove and clean the fuel strainer. This 
is the cone-shaped member shown in the fuel 
inlet in figure 85, and the cylindrical member 
shown in figure 89. 

5. Remove the drain plug — see figure 85 — and 
clean out the plug recess. Caution — this plug 
is installed vertically below the fuel inlet and 
has a %g-inch head. Do not confuse it with 
the smaller accelerator-pump check-valve plug, 
which is installed at an angle. Do not apply 

COMPRESSED AIR TO THE DRAIN OPENING TO THE 
CARBURETOR — OR, FOR THAT MATTER — TO ANY 
POINT ON AN ASSEMBLED CARBURETOR. 

6. Remove the two square-head %-inch pipe 
plugs which drain the diaphragm-vent space 
and the accelerator-pump section. The dia- 
phragm-vent space may contain a few drops of 
fuel or water, but if any quantity drains out, 
check the unit for trouble. 

7. Remove the cover from the rear — or right- 
hand end in figure 83 — of the carburetor, re- 
move the cam-lever roller pin and roller, and 
take out the cam-lever springs. To remove the 
springs, slip a length of soft wire through the 
hook at the lower end of each cam-lever spring, 
then double the wire and with both ends in your 
fingers, pull each spring off its pin. If you 
use pliers, you are very liable to damage the 
springs. With the roller pin and springs re- 
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moved, check the metering pin for freedom of 
movement. If any sticking is detected, remove 
the metering pin and inspect the pin for scor- 
ing abrasions, and the condition of the chro- 
mium plating. Polish with the finest grade — 
4.0 — emery polishing paper. Place a small 
amount of oil on the needle, cam, and cam 
roller, and replace the parts. 

8. Replace all removed parts, and safety 
them. 
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CHAPTER 10 


TESTING AND MAINTENANCE 
STROMBERG FLOW BENCH 

The Stromberg injection carburetor — as has 
been impressed on you from the start — is a pre- 
cision instrument, and must be overhauled only by 
trained personnel having the special tools and test 
equipment necessary to repair and adjust the 
carburetor properly. 

When the carburetor has been overhauled it 
should be set up on a testing instriunent, known 
as a FLOW BENCH, and adjusted to data furnished 
which will reproduce the exact conditions under 
which the carburetor will operstte in place on the 
engine. After proper adjustments and checks are 
made on the flow bench, the carburetor is ready 
for test flight in an airplane. Runs or readings 
on an engine test stand are not necessary. Before 
starting a test on a flow bench, you should have at 
hand the carburetor-setting speciflcation sheet and 
flow-test limits sheet, both of which contain in- 
formation on the correct sizes of variable parts, 
settings, and flow limits for the carburetor as it is 
applied to a certain engine. Without this in- 
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formation, the test would be of little value, because 
there is nothing to be gained by making a test if 
you do not know exactly what results should be 
obtained. 

Carburetor-setting specification sheets and 
other data may be obtained from the carburetor 
manufacturer’s manuals, or from U. S. Army 
Technical Orders (T. O.). 

The flow bench is designed for duplicating the 
effects of engine operation on the regulator and 
fuel-control units of the injection carburetor, and 
CANNOT BE USED for testing conventional types of 
carburetors. The metering pressures across the 
jets in the fuel-control unit of the injection car- 
buretor are controlled by the regulator unit of the 
carburetor. As previously explained, the pres- 
sure-regulator imit is actuated by venturi suction 
and the impact pressure resulting from airflow 
through the throttle body. 

The airflow and the corresponding venturi suc- 
tion and impact pressure are recorded for each 
engine-operating condition, from an actual run 
on a test engine. These records are placed on the 
specification sheets for the engine and carburetor. 
If the venturi suction and the impact pressure 
corresponding to a given airflow are imposed on 
the regulator unit of the injection carburetor, the 
volume of fuel flowing from the metering jets 
will be exactly equal to that which would flow 
from the metering jets if the carburetor were 
attached to an engine with the corresponding 
volume of air flowing through the throttle body. 

Boiled down, this means that if the same con- 
ditions of suction and pressure can be imposed 
on the carburetor artificially as when it is in place 
on the engine, then the carburetor cap be tested 
satisfactorily independent of the engine. And 
that is exactly what is done on the flow bench. 
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Instead of having air actually flowing through 
the throttle body — as would be the case with the 
carburetor on the engine — the corresponding 
values of suction and impact pressure, which pro- 
duce the same effect as the airflow, are employed 
in the test. 

It was explained that the air section of the 
regulator unit, figures 70 and 74, is divided into a 

SUCTION CHAMBER B and a SCOOP-PRESSURE CHAMBER 
'A, by a diaphragm. The pressure difference 
between the two chambers acting on the air dia- 
phragm, produces the air-metering force. To 
avoid the necessity of regulating both suction and 
pressure on the diaphragm during a carburetor 
test on a flow bench, a value of suction alone equal 
to difference in pressure between the two cham- 
bers is applied to the suction side of the dia- 
phragm. The other side has a vent open to the 
outside air, so that it is always at atmospheric 
pressure. 

An injection-carburetor test on the flow bench 
consists of applying a value of suction to the 
pressure-regulator imit corresponding to an air- 
flow for each engine operating condition, and 
measuring the resulting fuel flow from the meter- 
ing jets. The fuel-air ratio — usually written 
F/A — ^is the ratio of the number of pounds of 
fuel flowing from the metering jets, to the number 
of pounds of air corresponding to the value of 
the suction applied to the suction chamber of the 
regulator unit. 

Suction values and fuel volumes per unit of 
time for testing each injection carburetor are 
recorded from a test run of that model carbu- 
retor on the particular engine for which it was 
designed, and these are placed on the injection 
CARBURETOR FLOW-BENCH TEST SHEET for that 
carburetor. 
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The flow bench used for testing Stromberg 
injection carburetors consists of equipment that 
will supply a source of regulated suction, a fuel 
supply that will maintain fuel delivery to the 
carburetor under the required pressure, manom- 
eters — gages for measuring the pressure of gases 
and vapors, and gages for measuring the fuel 
flow through the carburetors. 

By means of the flow bench, a simple, deflnite, 
and accurate check can be obtained on the per- 
formance that the injection carburetor will give 
under flight, and the carburetor — as has been 
stated — can be installed on an engine ready for 
flight without additional tests on a torque stand. 

PRECAUTIONS IN USE OF FLOW BENCH 

You may recall the ‘‘gag’’ about the married 
couple who went out through the roof when the 
boiler blew up, only to have a neighbor wisecrack 
that it was the first time they had gone out to- 
gether in years. Well, that’s the way you and 
the FLOW BENCH are liable to go out together some 
day, unless you observe all possible precaution 
against explosions when equipping and using the 
test room. 

Danger always lurks in the presence of gaso- 
line vapor. Since a flow bench is employed to 
test carburetors in which gasoline has been used, 
and gasoline or petroleum naphtha is used in the 
test, the danger of disastrous explosions, fires, and 
personal injuries, is always something to be reck- 
oned with. To avoid such trouble, do not use 
fixtures, motors, fans, radios, hot plates, unit 
heaters, flashlights, etc., that are not of the explo- 
sion-proof type and approved by the Insurance 
Underwriters or the Navy Department. 

Gasoline vapor is heavier than air, and there- 
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fore is more likely to accumulate on the floor of 
the test room. Exhaust fans — of the approved 
type, remember — ^will do much to prevent such 
accumulation. If the room is open, such precau- 
tion will probably not be necessary, but, in cold 
climates, when the room must be kept closed, some 
form of artificial circulation is practically a 
^‘must’’. 

Of course, it is recognized that war sometimes 
creates emergency situations in which these safety 
precautions are impossible, but this is no excuse 
for laxity, and for slighting possible safety meas- 
ures. Aside from the personal injury element 
involved, the need for precaution ^^out in the 
field’’ is more urgent than at supply bases, be- 
cause of the difficulty — or even impossibility — of 
replacing damaged equipment. 

Always provide fire-extinguishing equipment in 
a room where the flow bench is installed. The 
ideal set-up is the installation of fully automatic 
carbon-dioxide CO 2 fire extinguishers on and 
around the bench. Such equipment requires 100 
pounds of CO 2 available to the automatic switch 
apparatus and the flow bench. Provide for the 
distribution of the gas at five points, at least, on 
top of and beneath the flow-bench table. When 
such equipment is not available, have CO 2 hand 
extinguishers convenient to the bench — ^not less 
than 50 pounds for each bench being essential. 
The 30-pound type of extinguisher is recom- 
mended, with a minimum of three units per bench. 

In order to operate efficiently, the flow bench 
must be installed properly in the first place, and 
then be inspected periodically to insure that it is 
kept in satisfactory working order. Install the 
bench on a solid foundation in a dry, well-lighted 
area. Allow a minimum clearance of 2 feet at 
either end and behind the bench, to provide room 
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for making adjustments. Use a gasoline-proof 
compound, such as litharge, on all iron-pipe 
threads. 


ADDITIONAL SAFETY PRECAUTIONS 

And again a final word of warning that all 
electrical connections in the flow-bench room, 
filled with gasoline and naphtha fumes, must be 
MADE EXPLOSION PROOF. Every precaution must 
be taken to protect the operator. Install an ex- 
plosion-proof safety, or emergency switch be- 
tween the motor-control switch and the source 
of power, in order to allow service on the motor 
or motor control without danger of fire. The 
motor control is not sealed when it comes from 
the factory, and you should seal it with gasket 
compound after the connections have been made 
inside to the source of power. Take precautions 
to prevent dangerous fumes from ‘‘sneaking” 
from the flow bench room through conduits, etc., 
to some unprotected part of the building. This 
is usually taken care of by means of a Y-con- 
nection in the conduit, which is filled with a seal- 
ing compound on both sides of the switch. 

CHECKING CARBURETOR BEFORE FINAL REASSEMBLY 
AND INSTALLATION 

When the carburetor has been given a bench 
test and all adjustments have been made prop- 
erly, there remains a final checking of the carbu- 
retor before installing it on the engine. Remember 
that no matter how successful the bench tests 
might be, a careless oversight on your part will 
cause untold damage. Therefore, make a habit 
of asking yourself such questions as the follow- 
ing, before installing the carburetor — • 
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1. Is the enrichment-valve adjustment prop- 
erly safetied, and is the entire assembly safetied 
to the casting? 

2. Is the poppet valve of the pressure control 
properly safetied? 

3. Have I locked the idle-spring adjustment? 
Is the acorn nut installed and safetied, and is 
the proper seal used beneath the acorn nut? 

4. Have I removed the plugs from the booster 
VENTURI? (Don’t overlook this.) 

5. Have I removed the masking tape from 
inside the carburetor barrel? 

6. Have I removed the blank mixture-con- 
trol BLEED, and installed the correct bleed? 
(Don’t let this one elude you.) 

7. Have I inspected the entire imit to make 
sure that all nuts, bolts, and plugs are securely 
installed and secured? 

HOLLEY TEST STAND 

The test stand designed for Holley aircraft 
carburetors is likewise intended to facilitate accu- 
rate testing of Holley carburetors in the field. 
The stand incorporates the necessary equipment 
for checking the fuel-flow characteristics of the 
assembled carburetor, to insure that the carbu- 
retor will function properly when installed on the 
engine. 

Although this is the main purpose bf the test 
machine, the stand also carries special equipment 
for making individual tests of the various im- 
portant details of the carburetor, including the 
compensator jet, the diaphragm vent, the pump 
nozzle, the diaphragm-chamber level, the primer, 
the stabilizer, the vapor separator, the power mix- 
ture valves, the new altitude unit, and the 
throttle-operated accelerator pump. 

The procedures for conducting the different 
tests have been developed to duplicate as nearly 
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as possible the actual conditions under which the 
parts operate in service. Specification sheets that 
give the correct pressure values, throttle open- 
ings, and fuel-flow limits to be used for any spe- 
cific carburetor setting are available from the 
factory upon request. 

Once you have become ‘‘acquainted’’ with the 
methods and principles of operation of the Holley 
test equipment, you will find it readily adaptable 
for analyzing and locating the cause of carburetor 
troubles, and in readjusting the carburetor to 
function properly. For accurate testing, slow 
and careful operation of all controls is essential. 

The Holley aircraft-carburetor test stand is 
made in three models. Each model is designed to 
test the specific carburetors as follows — 


Model Test Stand 
AT-lOO-Bl 
AT-100-B2 


AT-100-B2 


For Carburetors 
1375-F, 1686-F 
1375-F, 1685-F, 1375- 
H, 1685-H 

1375 -HA, 1685 -HA, 
1375-HB, 1685-HB 
1375-F, 1685-F, 1375- 
H, 1685-H 

1375 -HA, 1685 -HA, 
1375-HB, 1685-HB 
70O-H, 1375-YD, 2795 


When you have a carburetor to test, check the 
test stand model number to be sure the stand has 
the facilities for making the required tests. The 
general precautions given in connection with the 
installation and care of the Stromberg flow bench 
will apply to the Holley test stand, also. 


TROUBLE SHOOTING 


It is obviously impossible to suggest here all of 
the possible causes that could affect the operation 
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of an airplane engine. The object of this section 
is to provide a check procedure that will enable 
you and other mechanics to determine, if possible, 
the sources of many troubles without removing or 
completely dismantliug the carburetor. The 
method of procedure in eliminating troubles must, 
of course, be determined by the engine-operating 
symptoms, with which you will gradually become 
familiar by experience. Remember that S5unp- 
toms such as improper idle, poor acceleration, and 
lack of power, often do not originate in the 
carburetor or fuel system. The trouble may be 
in the engine, and it will be necessary for you to 
consult the instruction manual issued by the 
engine manufacturer in order to run down the 
cause. 

The first step in locating the cause of defective 
carburetor operation is to check the specifications 
and setting, to make sure that these conform to 
the make and model of the engiue on which the 
carburetor is installed. If the carburetor ap- 
pears to be the correct one for the engine, do not 
change cakburetor setting or specification 

WITHOUT APPROVAL OF THE ENGINE MANUFACTURER, 

or until complete information is available regard- 
ing effect of change on mixture ratio and engine 
operation. Do not, at any time, change carbu- 
retor adjustments until unsatisfactory engine 
operation has been definitely established as 
resulting from carburetion. 

If an ENGINE EQUIPPED WITH A STROMBERG INJEC- 
TION CARBURETOR WILL NOT START OR CONTINUE TO 
RUN AFTER STARTING, check the following items — 

Engine not being started properly. Read 
again instructions for starting, as given under 
ELECTRIC PRIMER. 

Fuel pressure insufficient. If gage indicates 
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proper pressure, check the gage. The gage 
may have gone ‘‘haywire.’’ 

Idle adjustment too rich or too lean. Read- 
just idle valve. 

Air in pressure-regulator unit. Remove the 
vent plug in the unmetered fuel chamber, figure 
70 (D) of the regulator imit, and pump fuel 
imtil it stands level with the plug opening. 
Check the position of the manual mixture- 
control to see that it is not set in the idle cut- 
off POSITION. 

Main-discharge nozzle sticking open. Check 
to see that the nozzles will hold a 3 psi pressure 
without discharging fuel. Otherwise, fuel will 
boil under a high vacuuin and give an erratic 
metering. 

If the ENGINE RUNS TOO RICH OR TOO LEAN AT 
CRUISING POWER, look for one or more of the fol- 
lowing causes — 

Low pressure on fuel. Check the fuel pump 
and the fuel-pressure gage. Clean the fuel 
strainer if the pressure will not rise. 

Foreign material in the automatic-lean me- 
tering JET. 

Automatic mixture-control unit defective. 
Check the unit setting and also the bellows, if 
the carburetor is running rich or lean in the 
automatic position at altitude. 

If the ENGINE RUNS TOO LEAN AT TAKE-OFF OR 
RATED POWER, BUT SATISFACTORILY AT CRUISING 
POWER, check for insufficient fuel pressure. 

When the engine runs too lean or too rich at 

ALTITUDE IN AUTOMATIC POSITION, BUT SATISFAC- 
TORHY AT SEA LEVEL, make a check of these 
points — 

Vapor-separator float needle in unmetered 
fuel chamber stuck in closed position. Remove 
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the strainer, and inspect the float for free 
movement. 

Automatic mixture-control unit set incor- 
rectly or not functioning properly. Remove the 
unit from the carburetor, and check travel of 
the needle, and readjust if necessary. This re- 
quires special equipment, which is described 
elsewhere in this book. 

Manual mixture-control valve set in wrong 
position. Check the linkage to the control lever 
carefully. 

Emergency fttll-rich valve plates open or 
leaking. Remove the valve cover on the throttle 
body and see that the slots in the plates are 
open in the full-rich position, and that plates 
do not leak. 

If the ENGINE DOES NOT ACCELERATE PROPERLY, 
BUT RUNS SATISFACTORILY WITH SLOW THROTTLE 
MOVEMENTS, look for the following causes — 

Accelerator pump not adjusted to give the 
required travel. The remedy is obviously to 
readjust the pump. Fuel inlet to the accelera- 
tor pump clogged, at the intake restriction — 
if of the diaphragm type— or at the inlet valve 
* channel — if of the throttle-operated type. Re- 
move the pump cover and diaphragms, or pump 
body, and examine carefully. 

Discharge nozzle leaking. See previous com- 
ment relative to nozzle sticking open. 

Fuel leak into air chamber in regulator unit. 
Remedy by removing the drain plug from the 
air chamber. If the accelerator pump is of the 
diaphragm type, the suction hole to the air side 
of the diaphragm may be closed. Check to 
see that the holes line up correctly. 
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If the engine continues to run with control 
LEVER IN IDLE SHUT-OFF POSITION, check the fuel- 
mixture regulator for proper operation. 

In case it is necessary to remove the air scoop 
and screen of an engine equipped with a hollet 
CARBURETOR in Order to work on the carburetor, 
close the throttle fully so as to prevent foreign 
matter from falling into the engine induction 
passage. If you must remove the carburetor 
from the en^ne, cover the engine induction 
passage with a piece of cardboard or any other 
suitable material. Some of the troubles that you 
are most likely to encounter with Holley carbu- 
retors may be listed as follows — 

If the engine will not start, check the start- 
ing procedure given previously, and the engine 
manufacturer’s instructions. Then check for the 
following — 

1. No fuel in the carburetor. Check by re- 
moving the diaphragm chamber drain plug. 
Be sure to remove the proper plug. 

2. Metering-pin mechanism not operating. 
To check this, remove the cover from the rear — 
or right-hand — end of the carburetor, move the 
throttle lever, and observe the action of the 
metering-pin mechanism. Look for broken 
springs, a sticking metering-pin, or disconnected 
parts. 

3. Failure of mixture control. Remove the 
front end cap or flange — see figure 101 — from 
mixture-control housing, and inspect the control 
disk and its drive pin. 

When the engine does not idle properly the 
most obvious reason is that the idle adjustment 
is not set correctly. Check the adjustment ac- 
cording to the instructions given for the Model-H 
idle system. If this fails to produce results, check 
the following — 
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1. Air leaks between carburetor and engine. 
Check for loose nuts and loose or missing plugs 
on carburetor or engine adapter. 

2. Check for a sticking metering pin, or for 
broken or loose metering-pin lever springs. Re- 
move the end cover and move the throttle lever 
observing the action of the metering-pin mecha- 
nism while doing so. Follow instructions given 
imder ioo-hour inspection. 

3. Compensator needle valve leaking. Check 
by loosening the external compensator fuel 
line — see figure 33 — at the compensator-unit 
housing. Apply a pressure of 6 to 10 pounds to 
the fuel by means of the auxiliary pump, and 
watch for leakage at the fiange from which the 
compensator line was removed. If you find a 
leak here, remove the compensator diaphra^ 
and inspect the needle valve and its seat. 

When the engine runs too rich at cruising 
POWER first check to see if the metering pin is 
sticking, or if the metering-pin lever springs are 
broken or loose. These points are covered in item 
7 in the ioo-hour inspection. 

1. Metering pin and — or — ^the metering-pin 
cam improperly adjusted. 

2. Main air-bleed clogged. Remove the scoop 
to gain access to the top of the carburetor. 
Then remove the air-bleed cover screw and cover 
and inspect the bleed. 

3. Compensator needle valve leaking. See 
item 3, under engine does not idle properly. 

4. Compensator valve spring weak or broken. 
The large hex nut in the center of the outer 
cover of the main diaphragm unit — ^figure 83 — 
has a recess in its inner end, which forms the 
seat for the compensator valve spring. Remove 
this nut and the spring, making sure not to lose 
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any shims that may bo in the recess of the nut. 
Inspect the spring for breakage, and compare 
its size and stiffness with that of another spring 
known to be correct. 

5. Diaphragm unit flooding. Check by watch- 
ing the fuel-discharge nozzles for continuous 
dripping. If such dripping continues for more 
than a minute, the diaphragm unit must be re- 
moved for thorough testing and checking. 

When the engine runs too lean at cruising 
POWER it will be the result of one or more of the 
following causes — 

1. The halves of the mixture-control disk sep- 
arated, or the disk drive pin sheared off. Ee- 
move the end cap or flange — see flgure 88— from 
the mixture-control housing, and inspect the 
parts. 

2. Fuel pressure too low. Check the fuel 
pressure by attaching an accurately calibrated 
pressure gage directly to the fuel-gage connec- 
tion of the carburetor. You will see this con- 
nection in figure 83. The fuel pressure can be 
as low as 3 psi without affecting the mixture at 
cruising power, but pressures below this point 
will result in lean mixtures. In any case, if the 
pressure is not within the specified range of 6 to 
7 psi, as required for all-around operation, an 
adjustment is necessary. 

3. Leakage of air into the fuel passages of the 
carburetor. Check the tightness of the attach- 
ment between the diaphragm unit and the body 
of the carburetor, as leakage of air into the main 
metering channel will lean the mixture. Also 
check the screws that hold the mixture-control 
housing to the main body. Examine the small 
plugs that close the drilled passages in the left- 
hand end block and rear side plate, as well as 
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the %-inch plug on the mixture-control housing 
and the %-inch drain plug on the bottom of the 
diaphragm section. Make sure that these plugs 
are tight. Also check the tightness of the main 
air-bleed. 

4. Metering pin and — or — ^metering-pin cam 
improperly adjusted. 

When engine runs ok at cruising power, but 
TOO RICH AT higher POWER, look f or One or more of 
the following causes — 

1. Fuel pressure too high. Attach a cali- 
brated fuel gage directly to the fuel-gage con- 
nection on the carburetor. If the pressure is 
not between 6 and 7 pounds, adjust it to this 
point. 

2. Main air-bleed clogged. See item 3 under 

ENGINE RUNS TOO RICH AT CRUISING POWER. 

3. Air leak between vent ring and carburetor 
main body. Remove the air scoop and check 
for loose or missing screws that hold the vent 
ring to the carburetor body. 

4. Leakage of air into the diaphragm vent 
■ space. Check the screws that hold the mixture- 

control housing to the main body of the car- 
' buretor, and make sure that the housing is tight 
against the body. Also check the drain plug 
of the diaphragm-vent space. 

5. Diaphragm unit flooding. See item 6 
under engine runs too rich at cruising power. 

6. Compensator spring weak or broken. See 
item 5 under engine runs too rich at cruising 

POWER. 

If the engine runs ok at cruising power but 
TOO LEAN AT HIGHER POWER, this Condition has 
many possible causes, such as — 

1. Fuel pressure too low. See item 2 under 

ENGINE RUNS TOO LEAN AT CRIHSING POWER. 
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2. Turbulent — agitated — ^flow of air into car- 
buretor. This might be the result of a loose 
backfire door on the air scoop, the air scoop 
itself out of alinement with the carburetor, or 
the air scoop not of the proper design for the 
engine. 

3. Diaphragm vent and — or — ^vent passages 
clogged. Check by removing the %-inch plug 
from the mixture-control housing and unscrew- 
ing the diaphragm- vent restriction made acces- 
sible when the plug is removed. Inspect the 
orifice for possible clogging, and clean it out if 
necessary. Remove the %-inch drain plug 
from the bottom of the space outside the dia- 
phragms and check the passages by applying a 
rubber tube to the drain opening and blowing 
gently into it with your mouth. Do not under 

ANY CIRCUMSTANCES USE AIR PRESSURE TO BLOW 
OUT these PASSAGES while the carburetor is as- 
sembled. If the passages are obstructed, re- 
move and disassemble the diaphragm section 
for cleaning. 

4. Compensator spring tension excessive. See 
item 5 under engine runs too rich under cruis- 
ing POWER. 

5. Compensator venturi suction passage 
clogged. Remove the large hex nut from the 
center of the compensator cover. With the 
auxiliary fuel pump apply a pressure of not 
more than 1 psi to the carburetor. If the suc- 
tion passage is clear, a small stream of fuel will 
trickle from the hole in the cover. 

6. Compensator diaphragm broken. Remove 
the compensator cover and inspect the 
diaphragm. 

7. Compensator venturi not seating properly. 
Remove the fitting from the fuel inlet to gain 
access to the venturi, and then check the venturi 
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for tight seating by closing the throttle, and 
blowing gently on a rubber tube applied to the 
mouth of the venturi. If there is fuel remain- 
ing around the edge of the gasket, bubbles or 
other disturbance of the liquid will indicate 
imperfect seating. 

When engine runs ok full rich but too rich 

OR TOO LEAN IN CRUISING-LEAN POSITION, look for 
the following causes — 

1. Diaphragm-vent restriction clogged or 
wrong size. Remove the %-inch plug from the 
mixture-control housing to gain access to the 
vent restriction. Then remove the restriction. 
If the opening has been made smaller by clog- 
ging, or if it is too small in size, the cruising- 
lean mixture will be too lean. If the restric- 
tion opening is too large, the cruising-lean 
mixtures will be too rich. 

2. Slot in mixture-control disk clogged. If 
the slot is clogged, the cruising-lean mixture 
will be too rich. Remove the end plate from 
the control housing and inspect the disk. If the 
slot is clogged, blow it out with compressed air. 

3. Mixture-control disk not seating properly. 
This condition will cause a too-lean mixture. 
Remove the disk, clean it, and lap in place, if 
necessary. 

4. Passages in mixture-control housing 
clogged. Remove the housing from the carbu- 
retor body, and check the passages with the 
end cap in place. 

5. Vent and— or — suction passages in main 
body and diaphragm section clogged. With the 
mixture-control housing removed from the car- 
buretor body, two holes in the main-body mount- 
ing pad will be exposed. Check the passages 
by blowing gently on the upper hole. Remove 
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the %-inch drain plug from the bottom of 
the space outside the diaphragm, and check 
the vent spaces by blowing gently on the lower 
hole. Both passages should be clear and un- 
obstructed. Check the vent passages for leaks 
by replacing the drain plug and applying a 
GENTLE suction to the lower hole on the pad. 
This passage should hold the suction. 

When an engine does not accelerate prop- 
erly, the first step is to adjust the idling. Other 
causes of poor acceleration follow — 

1. Mixtures too lean in cruising range. An 
engine will not accelerate properly to a given 
rpm if the mixture at that rpm is too lean for 
satisfactory operation. Therefore, check the 
items under engine runs too lean under 

CRUISING POWER. 

2. Accelerator-pump check valve leaking or 
valve spring broken. Remove the %-inch hex 
head in the lower part of the center section of 
the diaphragm unit, and inspect the valve disk 
as well as its seat and spring. 

3. Accelerator-pump discharge nozzle — see 
PUMP NOZZLE, figure 84, — leaking. Remove the 
air scoop in order to inspect the nozzle. The 
nozzle should not leak gasoline under a pressure 
of 1 psi. Raise the valve of the nozzle off its 
seat with the fingers and let it snap back. If 
it doesn’t snap shut, the closing spring is prob- 
ably broken. If dirt is found in the valve, hold 
the valve open and fiush it with gasoline or 
kerosene, using an oil can. 

4. Pump-lock plunger stuck in shut-off posi- 
tion. Remove for inspection by taking out the 
two screws that hold the pump-lock assembly 
in place. 

5. Accelerator-pump diaphragm springs 
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broken. To check remove the carburetor, and 
then remove the diaphragm unit. You can do 
this after taking off the nine nuts that hold 
the complete diaphragm unit in place on the 
carburetor body, and sliding the assembly off 
the studs. Do not pull off the assembly until 
the diaphragm has been loosened from the cast- 
ing. .Mter diaphragm has been removed, in- 
spect the springs and replace as necessary. 

When the engine does not shut off properly 
with the mixture control placed in the idle cut- 
off position, the engiue is receiving fuel because of 
the failure of some part of the fuel-control mech- 
anism. Look for the following causes — ^ 

1. Mixture-control disk parts separated, or 
the drive pin sheared off. Remove the end 
cap — or flange — and inspect. 

2. Mixture-control passages clogged. Ex- 
aihine the passages, and blow them out with 
compressed air. Remember, it is ok to use air 
pressure on separate parts, but not when they 
are in place in the carburetor. 

3. Pump-lock plunger broken or not seating 
properly. Remove the pump-lock assembly, 
and inspect for free movement of the plunger 
and the condition of the leather washers. 

4. Pump-lock cam not set properly on its 
shaft. The high point — or peak — of the cam 
must be in line with the plunger when the mix- 
ture control lever is in the fuel cut-off position. 

5. Diaphragm unit flooding. See item 6 under 

ENGINE RUNS TOO RICH AT CRUISING POWER. 

6. Compensator valve leaking. See item 3 
under engine does not idle properly. 
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MODEL H TROUBLE SHOOTING 


The preceding section covers all models of Hol- 
ley carburetors, and once genuine trouble has been 
definitely traced to the carburetor, the remedies 
so far outlined should be applied. If the carbu- 
retor is of the Model H or the Model HA type, 
you should then go still further and make the 
following checks that apply only to these models. 

Engine does not idle properly. — ^If the engine 
will not idle properly after making the routine 
checks so far outlined, look for the following 
causes — 

1. Vapor-separator valve sticking or leaking. 
With the main diaphragm section removed from 
the carburetor body, check the fioat mechanism 
for freedom of movement by holding the fuel 
body so that the center line of the separator 
float is horizontal, and rotating the top of the 
separator slowly downward. Both the valve and 
the dashpot should move downward before the 
unit is rotated 45 degrees — or one-eighth of a 
circle. When the diaphragm section together 
with the vapor-separator unit is removed from 
the carburetor, you can test the operation of 
the separator valve by immersing the fuel body 
casting and vapor separator in gasoline with the 
valve vertical, and slowly moving the assembly 
up and down. On an assembled carburetor, the 
valve can be tested only on a test bench. Check- 
ing for leaks must also be made on a test bench, 
a blank jet being installed in the vapor line. 

2. The idle fuel orifice in the metering pin 
clogged. Remove the pin and inspect the open- 
ing in the end of the pin. 

When the engine runs too rich or too lean 
AT cruising power WITH MANUAL CONTROL IN FULL 
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RICH look for one or more of the following 
troubles — 

1. Dirt in main diaphragm vent. Remove the 
plug from the vent passage and inspect the vent. 

2. Failure of stabilizer valve, or incorrect ad- 
justment of valve. Remove the carburetor and 
test on test bench. 

3. Suction — or vent — ^passage in main body 
clogged or leaking. To check, remove stabilizer 
valve, place a thumb over one opening in the 
sideplate that leads to the dry side of the dia- 
phragms, and apply a light air pressure on the 
other. If there is a flow of air, a leak is indi- 
cated. Remove the thumb and again apply a 
slight pressure to the other opening. If no air 
now flows, a passage is clogged. Check the con- 
dition of the gaskets. 

When the manual mixture control is not 

OPERATING AT ALL OR NOT SUFFICIENTLY, CAUSING 
RICH CRUisiNG-LEAN MIXTURES, and all other checks 
for rich cruising-lean mixtures fail to disclose the 
cause, look for the following in Model-H 
carburetors — 

1. Power-mixture valve stuck closed or par- 
tially closed. If the valve is stuck open, mix- 
tures will not return automatically to full rich 
when maximum cruise power is exceeded. Re- 
move the plug from the top of the valve and 
check for freedom of operation. Also check the 
shims and spring. 

2. Dirt in cruise-lean vent restriction — see fig- 
ure 89. Remove the plug from the side of the 
mixture control-valve cover, and inspect the 
passage. 

3. Passages leading to the power mixture 
valve clogged or obstructed by the gasket. Re- 
move the valve and inspect. 
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When the engine does not shut off properly 
and other checks for failure of the engine to shut 
off properly do not produce results. Check the 
vapor separator for sticking or leaking by using 
a blank jet or plug in the vapor passage, and test- 
ing the action on a test bench. 
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CHAPTER 11 


AIRCRAFTrENGINE INDUCTION SYSTEM 
THAT WORD “INDUCTION” 

The word ‘‘induction’’ has a particular signifi- 
cance today, because the course of many a young 
man’s life has been changed completely as a result 
of his number coming up in the greatest lottery 
of all time. But, fortunately, the induction sys- 
tem referred to here bears no relation to selective 
service. It is rather the name applied broadly 
to the devices and accessories that are used to 
supply fuel to the airplane engine, and which are 
affected by the suction produced by the downward 
stroke of the engine pistons. This system includes 
such items as the air scoop, the carburetor air 
preheater, the carburetor, the manifolds, the 
diffuser, and the supercharger. However, since 
the other parts have been described previously, 
only the diffuser and the supercharger will be 
discussed in this chapter. 

SUPERCHARGING 

The power that an airplane engine develops will 
vary in approximate proportion to the pressure of 
the air entering the cylinders. The pressure of the 
atmosphere varies at different altitudes. Table IV 
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gives the readings at certain altitudes as recorded 
by a pressure gage. 


TABLE IV 

ATMOSraSRIC PRESSURE IN POUNDS PER SQUARE INCH IPSI) AT DIFFERENT 

ALTITUDES 


Altitude in Feet 

Sea Level 

6, 000 

8 , 000 

10, 000 

20 , 000 

25. 000 

30. 000 

35, 000 


Atmospheric 
Pressure (PSI) 

14.7 

11.08 

10.92 

10.11 

6. 75 

5.45 

4. 36 

3.46 


From the table, you will observe that the at- 
mospheric pressure at 10,000 feet is a little more 
than % that at sea level ; at 20,000 feet slightly 
less than and at 35,000 feet, approximately 
At these reduced pressures, a cubic foot of 
air will weigh considerably less than a cubic foot 
of air at sea level. This reduction in weight for 
a unit volume of air with an increase in altitude, 
reduces the volumetric efficiency of the fuel — ^the 
volume of fuel taken into the cylinders — and 
hence the power output of an engine. The re- 
duction in volumetric efficiency can be offset by 
increasing the pressure of the air before it goes 
to the cylinders, and this is done in airplanes by 
using a supercharger. 

A supercharger is simply an air pump. It 
requires a certain amount of power from the 
engine for its operation. Superchargers are de- 
signed to give a pressure at the cylinder inlet 
ports that will provide the cylinder with sufficient 
air to allow the engine to develop its rated horse- 
power, at some particular altitude, with the 
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throttle valve open. The altitude at which the 
engine develops its rated — or sea-level — ^horse- 
power with the throttle wide open is known as 
the BATED ALTITUDE. Below this altitude, it is 
necessary to close the throttle partially to prevent 
the engine from developing more than its rated 
horsepower. Above the rated altitude, the power 
commences to decrease with increase in altitude, 
because the supercharger cannot maintain the 
required pressure. 

The purpose of the supercharger is not only to 
maintain full power at altitude by compressing 
the rarefied air to approximately sea-level density, 
but also to improve the distribution of the fuel- 
air mixture and to mix the fuel and air more 
thoroughly. It is also used to increase the sea- 
level power of the engine in order to provide the 
necessary ‘‘take-off’’ and “climb” power output 
of the en^e, by delivering compressed air in- 
stead of air of normal density. 

The superchargers under discussion are of the 
centrifugal compressor type, and are connected 
by gears to the engine crankshaft. They have 
an internal impeller, and are best adapted to 
radial engines. The fuel-air mixture is com- 
pressed after the air has passed through the 
carburetor. In this type of supercharger, the 
IMPELLER, which is a centrifugal blower, receives 
the fuel-air mixture at the center and imparts 
a high velocity to it. The high velocity mixture 
is discharged into carefully laid out passages, 
which lead from the impeller in a direction tan- 
gent to the direction of rotation of the impeller. 

The section of the supercharger containing 
these passages is called the diffuser, and it is 
shaped so that the velocity of the mixture is de- 
creased with the least possible friction, the 
decrease of velocity producing a pressure. In 
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this manner the mixture of fuel and air is de- 
livered to the cylinder at a pressure above that of 
the atmosphere, and hence in greater quantity 
than would be produced by suction alone, since 
the diffuser passages lead directly into the intake 
pipes of the cylinders. 

The supercharger improves the distribution of 
the mixture by directing it to the cylipder by the 
most efficient path. It also improves vaporiza- 
tion, since the drops of gasoline that are drawn 
. from the carburetor are e^osed to a stream of 
air moving at high velocity. In addition, the 
temperature of the mixture is somewhat increased 
by compression, and it is well known that gasoline 
vaporizes much more readily as the temperature 
is increased. 

One of the functions of the supercharger is to 
maintain the rated sea-level power at altitude, as 
stated before. Therefore, it is obvious that using 
it at sea level will appreciably increase the power 
of the engine at this level. Engines intended for 
high-altitude operation are not ordinarily given 
full throttle at sea level. The throttle on such 
engines is designed with a stop set for safe open- 
ing at sea level. If the full power of the engine 
is used under these conditions, undue wear or 
damage to the engine is likely to result. How- . 
ever, in emergencies, such as take-off in limited 
areas, the throttle lever can be moved past the 
stop by releasing a catch spring, usually operated 
by a button in the throttle handle. 

You can see a type of supercharger, as used on 
Navy airplane radial engines, in figure 93. Ob- 
serve that the edges of the impeller blades 
are ‘‘bent’’ near the center so that they strike 
the fuel mixture without shock, thus reducing 
the power required to operate the impeller as 
well as increasing its efficiency. A great deal of 
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experimental research was spent to determine 
the exact angle at which the blades must be 
curved, as well as other features built into the 
superchargers. The impeller passage — ^which is 
the space enclosed by two of the blades and the 

/ AUXILIARY DIFFUSCR 

AUXILIARY ANNULUS 


AUXILIARY IMPCLLCR 


INTERMEDIATE 
REAR CASE 


—AUXILIARY 
CXJTLET PORTS 


SEAL RINGS 


SCAVENGE OIL-^ 
PASSAGE FROM MAIN 
SUMP TO SCAVENGE 
OIL PUMP 


•DRAIN OIL PASSAGE-^ 
FROM INTERMEDIATE 
REAR SECTION TO MAIN 
OIL SUMP 


Figure 93. — Supercharger impeller and diffuser, 


rear face — ^is curved so as to bend the stream of 
mixture as gently as possible and lead it to the 
outer edges of the blade, which always lie along 
a radial line. The outer edges are referred to as 
the impeller exit. 

The impeller rotates at a very high speed, the 
ratio between it and the crankshaft ranging from 
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7 to 1 to 12 to 1. Thus, if the engine is running 
at, say, 2,000 rpm, the impeller is running from 

14.000 to 24,000 rpm. The speed at the outer 
tip of the blade — usually referred to as the 
PERIPHERAL Speed — is from 500 to 1,500 feet per 
second. Now, when you remember that sound 
travels slightly less than 1,100 feet per second, 
and that the velocity of bullets from many types 
of rifles is less than 1,000 feet per second, you 
will realize that a supercharger impeller is really 
moving. From these comparisons, you will 
readily understand that the gearing and the im- 
peller must be designed very carefully. 

Never forget that opening the throttle of an 
engine suddenly imposes severe loads on the whole 
supercharger mechanism. For example, if the 
speed of the engine is increased from 1,000 to 

2.000 rpm, the impeller speed may be increased 
from 12,000 to 24,000 rpm during the same period 
of time. In other words, while the engine is 
picking up 1,000 rpm, the impeller must pick 
up 12,000 rpm. In order to prevent abuse to the 
impeller and its driving gears, it is customary to 
have a friction clutch between the impeller gear 
and the impeller itself. When sudden strains of 
the nature just described are imposed on the 
mechanism, the clutch slips until the impeller 
reaches the proper speed. 

You have learned that a supercharger geared 
for high altitude is more ejffective than necessary 
at low altitude. Likewise, when the speed of 
rotation of the impeller is reduced, the same 
supercharger is sufficiently effective at lower al- 
titudes. Taking advantage of these facts, many 
airplane engines are equipped with impellers 
geared so that they may be driven at two or more 
speeds with relation to the crankshaft. A clutch 
operated by engine oil pressure and controlled 
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by a valve on the rear section controls the chain 
of gears driving the impeller. Each chain of 
gears drives the impeller at a different ratio. 

The advantage of the two-speed supercharger 
is obvious. The low speed permits sufficient 
supercharging to allow the engine to develop its 
normal rated horsepower for take-off and low- 
altitude work. At the same time the impeller 
speed is lessened, thereby decreasing the power 
necessary to turn the impeller, and also reducing 
the strains on the moving parts which are a 
natural result of continued high speed. The two- 
speed supercharger is controlled from the cock- 
pit, and is shifted from low speed to high speed 
somewhere between 10,000 and 15,000 feet altitude, 
or when increased supercharging is needed. 

In changing from one supercharger speed to an- 
other, partly throttle down the engiue to avoid 
rough engagement of the clutches. Normally, such 
changes should not be made at intervals of less 
than 5 minutes, in order to give the heat gen- 
erated during clutch engagements time to pass off. 
In making a gear shift never hesitate in the 
NEUTRAE POSITION, as this causes dragging or slip- 
ping of the clutches, and rough engine operation 
during the shifting period. 

A drop in manifold pressure will usually ac- 
company the supercharger shift from high to 
LOW, and you should watch the manifold-pressure 
gage for this indication when a shift is made. 
The drop in pressure is a positive indication that 
the control system is functioning properly, and 
this check will enable you to avoid *‘taking-offi^’ 
accidentally in the high blower position. As soon 
as you' have made the check for change in mani- 
fold pressure, reduce the engine speed to 1,000 
rpm. or less. 

If the shift does not appear to be satisfactory, 
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continue to operate the engine at 1,000 rpm or 
less for 2 minutes to permit the heat generated 
in the clutches during the shift to pass off and 
then repeat the shifting procedure. Any pro- 
longed fluctuation or loss of manifold pressure 
when shifting from low to men indicates improper 
HIGH clutch engagement. You should, in such a 
case, return the blower, ratio selector control to the 
LOW position and repeat the shift as just described. 

Make sure that the clutch control of the super- 
charger is at the extreme end of its travel at all 
times, in order that the rated power will always 
be available. If the control is placed in the neu- 
tral position, for instance, during one of your 
‘‘mental lapses”, the rated horsepower will not be 
available, and might cause a serious accident at 
take-off. 

When operating for extended periods in either 
blower ratio, it is recommended that the clutches 
be shifted once every 2 hours. It is necessary to 
remain in the opposite blower position for only 5 
minutes. Always make sure that the super- 
charger gears are in the low position when the 
engine is stopped. 

TWO-STAGE SUPERCHARGERS 

The principal difference between single-stage 
supercharging and two-stage supercharging is that 
the latter has two blower units — ^main and auxil- 
iary — ^together with their driving mechanisms. 
The auxiliary blower, which actually is the type 
shown in figure 93, serves to increase the pressure 
of the air entering the carburetor at high alti- 
tudes, thereby increasing the altitude performance 
of the engine, as compared with an engine having 
only one stage of supercharging. 

The second-stage supercharger may be exhaust- 
driven, or driven by gearing from the crankshaft. 
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The gear-driven auxiliaiy blower has two ratios 
to the crankshaft, and the main blower has only 
one. The exhaust — or turbo — ^type of super- 
charger may be used not only to assist in engine 
operation, but also to compress the air that is led 
into the cabin, and thus reduce the necessity of 
oxygen tanks and masks being used by the occu- 
pants of the airplane. 


hot exhaust gases from 

ENGINE TO TURBINE WHEEL 



EXHAUST VALVE 


AIRPLANE ENGINE 


CARBURETOR 

AIR COOLER 

AIR COMPRESSED TO 
SEA LEVEL DENSITY 

Figure 94. — ^Turbo supercharger. 


In figure 94, you will see a diagram showing a 
typical turbo supercharger. The airplane engine 
in the illustration is purely diagrammatic, as are 
also the turbine, the aircooler, and the carburetor. 
The aircooler is located at the right-hand side of 
the turbine, a passage leading from it to the en- 
gine. A second passage connects the carburetor 
with the intake valve of the engine cylinder — 
which is the valve shown closed in the illustra- 
tion — and the large passage at the top conducts the 
exhaust gases from the exhaust valve to the nozzle 
box of the turbine. 

From the nozzle box, the exhaust gases are di- 
rected through a nozzle diaphragm against the tur- 
bine buckets. On the turbine shaft is mounted an 
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impeller, or centrifugal blower, which acts as an 
air compressor, the compressed air being led 
through the cooler and thence to the carburetor 
intake. The turbo supercharger is lubricated 
through its own oil system, which is ordinarily 
connected to the engine supply. The operation of 
the supercharger is as follows. 

The flow of exhaust gas from the exhaust valve 
of the engine, through the large upper passage to 
the nozzle box of the turbine, is regulated by a 
blast gate, or waste gate — the operation of which 
is similar to that used in tlie gear-driven blower, 
and described a little further on. The gate is 
provided to allow the exhaust gases to escape to 
the atmosi)here without operating the turbine 
when the airplane is flying at low altitude. The 
blast gate is generally oj)erated automatically, but 
may also be operated by hand in most installations. 

As the density of the air begins to decrease, 
causing a gradual drop in the engine power, the 
blast gate begins to close, thus directing more and 
more exhaust gas into the nozzle box and thence 
against the turbine. The speed of the turbine in- 
creases as a result, and since the impeller of the 
supercharger is mounted on the turbine shaft, the 
impeller speed also increases, producing more and 
more air pressure. 

A state of equilibrium — or balance — is Anally 
reached in which the back pressure of the engine 
is held at about 28 inches of mercury — which has 
been explained previously — and the pressure at the 
intake of the carburetor is held at the same value. 
The gradual closing of the blast gate helps to keep 
this balance until the critical altitude is reached — 
25,000 feet or more — at which point the engme 
power gradually diminishes. 

The opening and closing of the blast gate is ac- 
complished either by the automatic control, oper- 
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ated by oil from the engine lubrication system, or 
by a rod operated by hand from the cocl^it. The 
speed of the turbine, and hence the impeller speed, 
increases approximately 1,000 rpm for each thou- 
sand feet of altitude. Thus at 25,000 feet, the tur- 
bine and the propeller are turning about 25,000 
rpm. Since the compression of the air in this 
manner produces a heat of about 300° P. and, 
since the temperature should be kept in the neigh- 
borhood of 175° F. for satisfactory operation, an 
air cooler must be installed between the impeller 
atid the carburetor, as shown in figure 94. 

The external exhaust-driven supercharger 
must be located so that its turbine will receive the 
exhaust gas with the least fiow loss in the piping, 
and also so that the fiow loss in the induction sys- 
tem is at a minimum. The carburetor is usually 
located between the blower and the cylinder inlet 
ports, as you will see in the illustration. In such 
an installation, it is necessary to provide some 
metering control in the carburetor to take care of 
the changing air density, since a carburetor nor- 
mally meters fuel in proportion to the volume of 
air metered through it and without regard to the 
mass (weight) of air metered. 

The GEAR-DRIVEN TWO-STAGE SUPERCHARGER is 
shown in a schematic diagram in figure 95. The 
air enters the outside air intake located in the en- 
gine cowling, in the leading edge of the airplane 
wing, or at some other convenient point, and fiows 
through the automatically operated gate valve into 
the auxiliary — or secondary — blower. The air 
compressed by the auxiliary impeller passes 
through an intercooler, which reduces the high 
temperature resulting from compression, and then 
enters the carburetor. From this point on, the 
induction system is essentially the same as that of 
a single-stage supercharger. Passing through the 
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carburetor the air mixes with the fuel, and enters 
the main stage blower. , 

The auxiliary supercharger regulator is ad- 
justed to maintain a pressure of about 28 inches 
of mercury at the outlet of the auxiliary blower, 
by controlling the position of the auxiliary-stage 
gate valve — as in the case of the exhaust-driven 
blower. The various ducts and intercoolers cause 



Figure 95.— Schematic view of supercharger two-stage control. 

a pressure drop which may run as high as 2 inches 
of mercury, resulting in a carburetor pressure of 
about 26 inches. At relatively low powers, and 
the corresponding airflows, the pressure drop will 
be less than 2 inches, and the pressure at the 
carburetor will be almost equal to that at the 
auxiliary blower outlet. 

The engine operates in any one of the blower 
ratios — netjtkal, low, or high — essentially as a 
single-speed, single-stage engine. The best per- 
formance will be obtained by remaining in one 
blower ratio at full throttle imtil the manifold 
pressure is 3 or 4 inches lower than the valve that 
will give the desired power. At this point you 
should shift to the next higher blower ratio — 
NEUTRAL to LOW, oT LOW to HIGH — ^by moving the 
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control lever without hesitation to the new posi- 
tion. During ^‘climbs’’ at high power and high 
rpm, do not close the throttle partially before the 
shift, but at the lower powers and rpm, close the 
throttle partly to reduce the manifold pressure 
another 3 or 4 inches. At the higher powers, the 
auxiliary supercharger regulator will limit mani- 
fold pressure to the maximum permissible values. 
At lower powers, it will be necessary to use the 
manual throttle to prevent excessive manifold 
pressures. Two or three trials will be sufficient 
to acquaint you with the throttle movement neces- 
sary to prevent excessive manifold pressure when 
the shift has been made. 

At high altitudes in the low blower ratio, and 
at still higher altitudes in the high ratio, mani- 
fold pressure at full throttle will not exceed the 
maximum values for the desired power conditions, 
and you should regulate the power with the pro- 
peller control. In general, operate in the lowest 

BLOWER RATIO THAT WILL PROVIDE THE DESIRED 
POWER. 

Under some circumstances when the auxiliary 
blower is shifted from neutral to low, or from 
LOW to HIGH, the carburetor may not respond 
rapidly enough for the sudden change in air 
pressure at the carburetor. Consequently, the 
strength of the mixture may be temporarily too 
lean, causing the engine to cut out momentarily. 
Such a condition can usually be avoided by shift- 
ing from neutral to low below 10,000 feet, and 
from LOW to high below 20,000 feet 

You may run into a surging^’ condition of the 
engine and airplane while operating with the 
auxiliary blower engaged, if the hand throttle is 
partially closed. This surging results from an 
unstable condition of air flow through the engine 
induction system, and may progress to severe 
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periodic variations in rpm, power, and manifold 
pressure. To return the engine to normal opera- 
tion, open the hand throttle or shift the auxiliary 
supercharger control to a lower position. If con- 
ditions are such that this step doesn’t appear to 
be exactly taotful, as, for instance, if full power 
is to be required after a short period at lower 
power, you can “ease up” the surging by reduc- 
ing the engine speed with the propeller control. 

The extent to which surging will occur depends 
somewhat on the design of the induction system 
of the airplane. Consequently, it may be “wise” 
to determine from flight tests the lowest manifold 
pressures to which the engine may be throttled 
while operating at high rpm, with the auxiliary 
supercharger engaged. 

In general, surging may be eliminated com- 
pletely BY OPERATING AT OR NEAR FULL THROTTLE, 
and using the propeller control to regulate the 
power. Remember, though, that this practice is 
good only at altitudes sufficiently high that mani- 
fold pressure will not become excessive. 

The m axim um safe carburetor air tempera- 
ture for all operation with the auxiliary super- 
charger engaged is 90° F. — or 32° C. If the in- 
tercoolers have controllable shutters, leave them 
fully open during all normal operations, unless 
the airplane performance is affected adversely, 
or carburetor icing conditions make necessary a 
higher air temperature to the carburetor. 

In installations in which the flow of cooling air 
through the intercooler is controlled by adjustable 
accessory compartment flaps, the closed position 
must be designed to provide adequate cooling 
for high-power level flight operation. During 
“climbs” in which the auxiliary supercharger is 
used, these flaps must be at least partially opened. 
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How Well Do You Know— 

AIRCRAFT FUEL SYSTEMS 
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QUIZ 


CHAPTER 1 

KINDS OF FUEL SYSTEMS 

1. Under what condition is gasoline vapor explosive? 

2. In describing the burning of a charge in an engine 

cylinder, why is “combustion” a better term to use 
than “explosion”? 

3. Why isn’t a gravity-feed fuel system suitable for heavy- 

duty airplanes ? 

4. Why is the fuel-pressure gage connected to the carbure- 

tor? 

5. What limits the pressure developed by the fuel pump? 

CHAPTER 2 

TANKS AND TUBING 

1. Mention three rules you should follow, when repairing - 

self-sealing tanks, to avoid being affected by the fumes. 

2. (a) How far before the beginning of a bend must tubing 

be straight, for a flexible connection? A solid 
connection ? 

(6) Mention four other important rules for installing or 
reinstalling fuel lines. 

3. (o) What name is given to the process by which a com- 

plete electrical circuit is provided throughout the 
pipe line of the aircraft fuel system ? 

( J ) What is the purpose of this process ? 

4. What can you use for a thread lubricant when a regular 

lubricant is not available ? 

5. Explain how you can bend tubing in an emergency with- 

out the usual equipment. 

6. In what position should the selector-valve control be, 

when you start an aircraft engine? 
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7. (a) What is the purpose of the vapor-dilution system in 

aircraft fuel tanks? 

(h) By what general ineans is its purpose accomplished^ 

8. Why should an airplane’s fuel tanks always be filled in 

the order specified in the airplane operation book^ 

CHAPTER 3 

FUEL-LINE ACCESSORIES 

1. What two temperatures determine the amount of prim- 

. ing necessary to start an engine ? 

2. Mention three points where priming fuel may be injected 

into the aircraft engine. 

3. What are the two most frequent sources of trouble in the 

hand-operated priming pump ? 

4. Why will a fuel-pressure reading be lower than the actual 

pressure at the carburetor, if the gage is located very 
far above the carburetor ? 

5. What is a simple way to check the accuracy of — 

{a) A fuel-pressure gage? 

(d) A manifold-pressure gage ? 

6. How can you be sure that the fuel-selector cock is in the 

desired position ? 

CHAPTER 4 

FUEL PUMPS 

1. What opening is provided to allow fuel to pass through 

the main pump to the carburetor when the main pump 
is not operating? 

2. What is the function of the fuel -pump relief valve ? 

8. If either of the valves concerned in questions 1 and 2 does 
not operate satisfactorily, what is probably the trouble ? 
4. In a periodic engine check-up, what are some things you 
should check on — 

(a) Fuel lines? 

(ft) Fuel tanks? 
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CHAPTER 5 


CARBURETION 

1. (a) What are the two basic functions of a carburetor! 
(&) Explain how one of these functions may be respon- 
• sible for carburetor icing. 

2. (a) What name is given to the condition of gasoline evap- 

orating or boiling in the fuel lines? 

(b) Why is this condition dangerous? 

{c) Why is it more apt to occur at higher altitudes ? 

3. {a) What fuel characteristic is rated in octane numbers ? 
(6) What is the chief operating advantage of using high- 

octane fuel? 

(c) Why is there no advantage in using a higher-octane 

fuel than that for which' the engine is designed ? 

4. {a) What is meant by a “rich” mixture ? 

(&) Why does the mixture naturally tend to become richer 
as the airplane gains altitude ? 

(<?) What part of the fuel system is designed to compen- 
sate for this natural tendency ? 

5. {a) What is the natural condition of the fuel mixture im- 

mediately after the throttle is opened suddenlv? 
Why? 

(6) What part of the fuel system is designed to correct 
this condition? 

CHAPTER 6 

FLOAT-TYPE CARBURETOR 

1. (fl) What device controls the quantity of mixture that 

passes to the engine cylinder ? 

{h) Is the fuel supply entirely shut off from the engine 
when the device is in a closed position? Explain 
your answer. 

2. Which of the systems in the carburetor sometimes operates 

as a priming device ? How ? 
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3. (a) What is the fundamental difference between updraft 

and downdraft carburetors? 

(6) WTiich is located relatively higher on the engine? 

4. Why won’t the engine run when the mixture-control valve 

is in the idling cut-off position ? 

5. (a) What is the principal purpose of the discharge spray 

nozzle ? 

(6) Into what part of the carburetor does it open ? 

(c) How does pressure in this area compare with at- 

mospheric pressure? 

(d) What effect does this have on the vaporization of 

gasoline discharged from the spray nozzle ? 
Why? 

6. How are the discharge nozzles usually located in a duplex 

carburetor, in relation to the float chamber? Why? 

7. How is the rose-type nozzle designed to assist in mixing 

the fuel with the air t 

CHAPTER 7 

STROMBERG FLOAT>TYPE CARBURETORS 

1. How does throttle-lever control-rod movement compare on 

Stromberg NA-R9B and NA-R9C2 carburetors? 

2. (a) Which of the two Stromberg carburetors described in 

this chapter uses a venturi-suction-operated econ- 
omizer? What kind of economizer does the other 
use? 

(5) Which of these carburetors has a built-in primer? 

Which has a cruise valve ? 

(<?) What type of mixture-control system does each use? 

3. (a) Why is fuel dripping from the supercharger a bad 

sign in warm weather ? • 

(b) Is it always a bad sign in a cold engine in cold 
weather? Explain your answer. 

4. {a) What should the float level be, in a float- feed car- 

buretor ? 

(6) If the float level is incorrect by ^ inch, how much 

will you have to change the gasket thickness? 
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6. What is the general testing procedure for leaks aroupd 
the carburetor gasket or at other assembly points? 

6. What device operates the needle valve in the automatic 

miirture-control unit of the NA-R9C2 carburetor? 

7. Why are the last 10 degrees on the lean side of some mix- 

ture-control segments (in the cockpit) marked red? 

8. What thread compound should you use on headless screw 

plugs. 

(а) Above the fuel level? ^ 

(б) Below the fuel level? 

CHAPTER 8 

STROMBERG INJECTION CARBURETOR 

1. NA— Y9C 
PT— 13E2 

{a) “Decode” these carburetor designations. 

(5) In each case, what would be the actual size of the car- 
buretor barrel? 

2. What are the units in an injection carburetor? 

3. {a) In large carburetors, what is the effect of the airflow 

on the throttle valves? 

(ft) What mechanism is designed to compensate for this? 

4. By what two means does a water-injection system make it 

possible to operate the engine at higher than military 
power? 

5. Is the failure of the water-injection system apt to be 

dangerous? Why? 

6. The factory adjustment on the idling system of an in- 

jection carburetor isn’t necessarily permanent. Why? 

7. Why is the strainer chamber vented ? 

8. What precautions must you take when installing a spin- 

ner-type nozzle? 

9. What idling specifications does the Navy require injection 

carburetors on service aircraft engines to meet? 
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CHAPTER 9 


HOLLEY CARBURETORS 

1. What is the distinguisliing feature about the throttle con- 

struction in Holle}’ carburetors? 

2. (a) What mechanism in Holley carburetors provides 

power above that required for ordinary cruising: 
speed? 

(6) This mechanism is operated by a pressure-diffeience 
between two points. Where are those two points? 

3. How does the power mixture valve function as a safety 

device ? 

4. In the Stromberg injection carburetor the strainer cham- 

ber is vented to prevent vapor from interfering with 
the operation of the system. What device protects the 
Holley Models H. HA and HAR against this? 

5. {a) What are the diaphragms in the Holley HAR made 

of? 

( 5 ) What are the advantages of these diaphragms ? 

(<?) How are they marked to distinguish them from the 
older type ? 

6. If you expect to start an engine having a Holley car- 

buretor soon after stopping it, 

( а) In what position should you leave the mixture-con- 

trol when you stop the engine? 

(б) How should yc)u modify the usual starting pro- 

cedure ? 

CHAPTER 10 

TESTING AND MAINTENANCE 

1. (a) What is the general procedure by which an injection 
carburetor is tested on a flow bench? 

(ft) If the carburetor passes the flow bench test, what 
further tests must be made on it before it is ready 
for test flight on an airplane? 
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2. {(/) Why should the flow bench test room be well venti- 

lated? 

(b) What is the most dangerous part of the room in this 

respect? Why? 

(c) What other precautions should be taken to prevent 

explosions around the flow bench ? 

3. (a) What is the first step in checking up on a carburetor 

which is not operating properly? 

(b) Mention two places where poor acceleration or lack 

of power might originate, other than in the carbu- 
retor itself. 

(c) What sort of checks should you make on a Stromberg 

injection carburetor when the engine will not start ? 

(d) How about a Holley carburetor on an engine that 

won’t start? 

CHAPTER 11 

AIRCRAFT-ENGINE INDUCTION SYSTEM 

1. (a) What is the primary function of the supercharger? 
(b) What are some of its other valuable functions? 

2. (a) Why should the supercharger not be used at sea level 

except in emergencies? 

(6) How can you be sure the supercharger is not in the 
high-blower position at take-off? 

3. (a) How does the speed of the supercharger compare with 

the speed of the engine ? 

(b) What limitation is placed on throttle-operation be- 
cause of this comparison? 

4. AVhat is the function of the blast gate in a turbo super- 

charger ? 
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ANSWERS TO QUIZ 


CHAPTER 1 

KINDS OF FUEL SYSTEMS 

1. When it is mixed with the proper proportion of oxygen. 

2. Because the burning is not instantaneous, but starts at 

the point of ignition and spreads progressively through 
the charge. 

3. Because the high pressures used would require the fuel 

tank to be placed too far above the carburetor. 

4. To measure the actual pressure of the fuel entering the 

carburetor. 

5. Relief valve. 


CHAPTER 2 

TANKS AND TUBING 

1. Be sure workroom is properly ventilated. 

Circulate air through tank if possible. 

Wear an organic- vapor respirator for work inside the 
tank. 

2. (a) 3 inches. 1 inch. 

(b) Check your answer against pages 21 and 22. 

3. {a) Bonding. 

(6) To prevent electrical interference with radio re- 
ception. 

4. A mixture of 25 percent lead soap and 76 percent mineral 

oil. 

5. Plug up one end of the tube and pour fine sand into the 

other end through a funnel. Settle the sand by strik- 
ing the tube sharply with a flat stick. When the tube 
is filled, plug up the open end with a wooden plug. 
Then bend the tube. 
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6. Reserve. So that some gasoline will be used from the 

main tank first, to insure space for the fuel that will 
be returned from the carburetor by the vapor-return 
system. 

7. (a) To lessen the danger of fire or explosion, in the 

tanks, under gunfire. 

(&) By providing a noninfiammable atmosphere within 
the tank and keeping the pressure in the tank 
within the limits for which the tank was designed. 

8. To avoid the possibility of attenipted take-off on an 

empty, or almost empty, tank. 

To avoid an undesirable effect on the airplane’s center 
~ of gravity. 


CHAPTER 3 

FUEL-LINE ACCESSORIES 

1. Atmospheric and engine temperatures. 

2. Intake. 

Carburetor. 

Supercharger. 

3. Dirt in check valves. 

Loose or worn-oiut plunger packing. 

4. Because a column of fuel in the gage line will exert a 

downward pressure which cancels a portion of the 
pressure at the carburetor. 

5. (a) Test the gage against a standard gage of known 

accuracy. 

(6) Compare the manifold-pressure reading with the 
altimeter barometric pressure reading when the 
engine is not running. 

6. It should “click” audibly when the lever is moved to the 

new position. 
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CHAPTER 4 


FUEL PUMPS 

1. Bypass valve. 

2. To maintain constant pressure at the carburetor by re- 

turning fuel to the inlet side of the pump or to the 
fuel storage tank whenever the pressure becomes ex- 
cessive. 

3. Dirt or some obstruction in the valve assembly, or in the 

air vent line and vented pipe plug at the supercharger 
air connection. 

4. (a) Leaks, cracks, or worn spots, in tubing. 

Security of clips and other mountings. 

(&) Cracks, buckling, dents, distortion or signs of leaks, 
in tanks. 

Security of tank mounting supports. 

Padding. 

CHAPTER 5 

CARBURETION 

1. (a) To meter the incoming fuel and air in the proper 

proportions. To gasify as much of the fuel as 
possible. 

(d) Vaporizing fuel draws heat from the surrounding 
air, and the vaporization of a volatile fuel may 
thus lower the temperature of incoming air to a 
point where moisture in the air will condense and 
freeze. 

2. (ff ) Vapor lock. 

(b) Because the presence of vapor in any part of the line 
may block the flow of the liquid fuel needed by 
the engine. 

(<?) Because the boiling point is lower at higher altitudes. 

3. (r/) Antiknock characteristic. 

(b) It makes it possible to use a higher compression ratio 
in the engine cylinder without fuel detonation, thus 
utilizing more power per pound of gasoline and 
increasing the power- weight ratio of the engine. 
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(c) Because the chief advantage of the antiknock fuel is 
not effective unless the engine is mechanically ad- 
justed to exploit it through higher compression 
ratio. 

4. {a) A mixture in which the ratio of gasoline to air is 

relatively high. 

(ft) Because a given volume of air drawn in at high alti- 
tude will WEIGH less than an equal volume drawn in 
at a lower altitude. 

(<?) Mixture control. 

5. (a) Lean. Because the idling jet stops functioning im- 

mediately and there is a lag in the fuel stream until 
enough air flows through the carburetor to start the 
main metering jet functioning. 

(6) Accelerator system. 

CHAPTER 6 

FLOAT-TYPE CARBURETOR 

1. {a) Throttle valve. 

(6) No. A fuel discharge orifice located at the edge of 
the throttle valve supplies fuel from the “idle” 
system when the throttle is closed. 

2. The idle system. See pages 126 and 127. 

3. («) Updraft carburetors draw in air at the lower part of 

, the carburetor, while the downdraft type has its air 
inlet at the top. 

(6) Downdraft. 

4. With the mixture-control in this position, the suction 

transmitted from above the closed throttle valve to the 
top of the float chamber stops all flow of fuel from 
that chamber. Lacking fuel, the engine will stop 
running. 

5. {a) To direct the fuel jet into the air stream. 

(6) The throat of the venturi. 

(<?) It is lower than atmospheric pressure. 

{d) It makes the gasoline vaporize more readily. Be- 
cause the boiling point is lower at reduced 
pressures. 
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6. In a horizontal line extending laterally through the 

center of the float chamber, in order to maintain the 
fuel level throughout various airplane attitudes. 

7. The fuel flows from the interior vertical fuel passage into 

the air stream through radial holes drilled in the sur- 
face of the nozzle. This change in flow direction 
immediately before delivery to the air stream is claimed 
to assist in the mixing. 

CHAPTER 7 

STROMBERG FLOAT-TYPE CARBURETORS 

1. The NA-R9C2 throttle-lever requires slightly more moA^e- 

inent (2’%4" as compared with 2i%4" on the NA- 
BOB). 

2. («) NA-R9C2. Needle-valve. 

(6) Both. NA-R9C2. 

(c) NA-R9B. Needle - type (manual). NA - R9C2. 
Back-suction type (manual and automatic). 

3. (a) It indicates that the engine is overprimed. 

(5) No. Heavier fractions of the gasoline do not vapor- 
ize at low temperatures, and may collect in and 
drain from the supercharger. 

4. (o) 3/5". 

(^) 

5. Assemble plates and gaskets to both carburetor flanges 

and apply air pressure of 3 to 5 psi to the inside of 
of the carburetor through a connection made in one of 
the plates. Immerse the carburetor and watch for air 
bubbles. 

6. Sealed bellows. 

7. To show the correct position of the mixture-control lever 

for stopping the engine. 

8. (a) Graphite and castor oil. 

(b) Shellac. 
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CHAPTER 8 


STROMBERG INJECTION CARBURETOR 

1. {a) NA— Y _9 C 

T — Major design change. 

I Eated size. 

I Double-barrel, with Y-type 

double-float mechanism, 
double-float chamber , and 
single needle valve. 

Natural atomization (float- 

type). 

PT— 1^ E 2 

^ Minor design modification. 

I Major design change. 

I Rated size. 

1 T riple-barrel. 

Injection type. 

(b) 9 = 3%(j" barrel. 

13 = 4%e^^ barrel. 

2. Throttle body. 

Mixture-control unit. 

Regulator unit. 

Fuel -control unit. 

(Adapter) . 

3. (a) It exerts so much pressure on the valves that they 

tend to “creep” shut. 

(b) Throttle balance. 

4. By lowering the temperature of the fuel charge in the 

intake manifold so that a lean mixture (the best power- 
mixture strength) can be used without detonation. 

By making it possible to increase the pressure in the intake 
manifold. 
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5. No. The various units in the system will operate nor- 

mally, as though the system had been purposely inac- 
tivated. 

6. Because stiff new diaphragms will soften up after soak- 

, ing in gasoline. The idle setting must then be read- 
justed, to the flexible diaphragms. 

7. To prevent vapor-lock. 

8. Make sure that the vent channels between the throttle 

body and the engine are not obstructed. 

Make sure that the outside fuel tube is connected properly, 
and that its joints are tight. 

9. They must be capable of idling at 600 rpm with exhaust 

stacks, or at 450 rpm with exhaust collectors. 

CHAPTER 9 

HOLLEY CARBURETORS 

1. The throttles themselves form the venturi (variable) for 

control of the air passage. 

2. {a) Automatic compensator. (Power-enrichment sys- 

tem.) 

(6) Compensator venturi throat and inlet. 

3. It protects the engine against the dangers of operation at 

high powers with lean mixtures. 

4. Vapor separator. 

5. (a) Synthetic rubber-nylon. (Nylon fabric base coated 

with synthetic rubber.) 

(6) They do not shrink when exposed to high humidity. 

They are more flexible at low temperatures. 

{c) They are stamped “N” in orange or red ink. 

6. \a) Fuel cut-off. 

(5) Set the mixture-control in the full-rich position 
AFTER, rather than before, pumping up fuel pres- 
sure, priming the engine and engaging the starter. 

CHAPTER 10 

TESTING AND MAINTENANCE 

1. (a) Suction is applied to the pressure-regulator unit at a 
value corresponding to the airflow for each engine 
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operating condition. The resulting fuel flow from 
the metering jets is measured, and checked against 
the carburetor-setting specification sheets and other 
standard data. 

(6) None. 

2. (fl) To prevent the accumulation of gasoline vapor. 

(&) The floor. Because gasoline vapor is heavier than 
air. 

(c) See pages 288 and 289. 

3. {a) Check the specifications and setting to see that the 

carburetor is the correct one for the engine on which 
it is installed. 

(&) Fuel ^stem, engine. 

(c) See pages 293 and 294. 

(d) See pages 296 and 297. 

CHAPTER n 

AIRCRAFT-ENGINE INDUCTION SYSTEM 

1. {a) To offset the decreased density of air at high altitudes 

by compressing the air before it reaches the engine 
cylinders. 

(6) Increase the sea-level power of the engine. 

(<?) Mix the fuel and air more thoroughly (by improving 
vaporization) . 

{d) Improve the distribution of the fuel-air mixture. 

2. {a) Engine power would be increased more than neces- 

sary, and the engine might be damaged. 

(6) The position of the supercharger will be indicated by 
the pressure registered on the manifold-pressure 
gage. 

3. {a) The supercharger impeller rotates at a speed from 7 

to 12 times as great as that of the engine crankshaft, 
(d) The throttle should not be opened suddenly. 

4. To allow the exhaust gases to escape to the atmosphere 

without operating the turbine when the airplane is fly- 
ing at low altitudes. 
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